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TUMOR-^ASSOaATCD ANIKIEN DERIVAITVES FROM THE MAQB FAMILY. AND NUCLEIC ACID SEQUENCES 
ENGODINO THEM, USED FOR HIE PREPARATION OF FUSION PROTBD^ AND OF COMPOSITIONS FCXt 
VACONATIW 

Tbe fnesent isYciition relates to protein derivatives, conqxrising a tumor- 
associated antigen, that find utility in cancer vaccine therapy. In particolar the 
5 derivatives of the invention include fusion proteins comprising an antigen encoded 
by the £amily of MAGE genes (e.g. MAOE-3, MAGE-1), linked to an 
immunological fiision partner wh^ provides T helper epitopes, such as, for 
example the lipidated fonn of protein D from Haemophihis influenzae B; chemically 
modified MAGE proteins wherein ti» antigra's disulphide bridges are reduced and 
10 die resulting thiols blocked and genetically modified MAGE proteins provided with 
an afBnity tag and/or gene&aily mo^fied to prevent disulphide bridge fiormatioiL 
Mediods are also described for purifying MAGE proteins and for formulating 
vaccines for treating a range of cancers, mcluding, but not limited to Melancnna, 
breast, bladder, lung, NSCLC, head and squamous cell carcinoma, colon caxdnoma 
15 and oesophagus carcinoma. 

Antigens encoded by the fendly of MAGE genes are predominately 
expressed on melaxKmia cells (indudmg malignant melanoma) and some odier 
csaacets mrhtdtn^ NSCLC (non small cell faing cancer), head and neck squamous 
cell carcinoma, bladder transitional cell carcinoma and oesophagus carcinoma, but 
20 are not detectable on normal tissues except in the testis and the placenta (Gai;^;ler, 
1994; Weynants, 1994; Patard, 1995), MAGE-3 is ejqiressed in 69% of 
melaxK>mas (Gaugler, 1994), and can also be detected in 44% of NSCLC 
(Yoshimatsu 1988), 48% of head and neck squamous cell carcinoma, 34% of 
bladder transitional cell carcinoma 57% of oesophagus carcinoma 32% of colon 
25 cancers and 24% of breast cancers (Van Pel, 1995); Inoue, 1995 Fujie 1997; 
Nishunura 1997). Cancers expressing MAGE proteins are known as Mage 
associated tumours. 

The immunogenici^ of human m<?l^""™ cells has been elegantiy 
demonstrated in experiments using mixed cultures of melanoma cells and autologous 
30 lymphocytes. These culture often generate specific cytotoxic T Ijonphocytes (CTLs) 
able to lyse exclusively the autologous melanoma cells but neither autologous 
fibroblasts, nor autologous EBV-transformed B lymphocytes (Kmsth, 1984; 
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Anidum, 1987). Several of the antigens recognised on autologous melanoma cells 
by these CTL clones are now identified, iochiding tiaosc of the MAGE fionily. 

The first antigen ^tvbkh could be defined dirou^ its recognition by specific 
CTLs on autologous melanoma cells is termed MZ2-E (Van den Eynde, 1989) and 

5 is encoded by the gene MAGE-1 (Van der Bruggen. 1991). CTLs directed against 
MZ2-E recognise and lyse MZ2-E positive meknoma cells from autologous as weO 
as from odier patients provided that these cells have the HLA.A1 allele. 

The MAGE-1 gene beloi^s to a fianily of 12 clo^ly related genes, MAGE 
1, MAGE 2, MAGE 3. MAGE4, MAGES, MAGE 6. MAGE 7 , MAGE 8, 

10 MAGE 9, MAGE 10, MAGE 11, MAGE 12, located on chromosome X and 
sharing widi each other 64 to 85% homology in dseir codktg sequence (De Plaen, 
1994). These are sometimes known as MAGE Al, MAGE A2, MAGE A3, MAGE 
A4. MAGE AS, MAGE A6, MAGE A7, MAGE A8, MAGE A9, MAGE A 10, 
MAGE All, MAGE A 12 (The MAGE A fiunily). Two other groups of protems 

IS arealsopartoftheMAGEfimuly although more distantiy related. These are tiie 
MAGE Band MAGE C group. The MAGE B ftmily hichtdes MAGE Bl (also 
known as MAGE }^1, and DAM 10), MAGE B2 (also known as MAGE Xp2 and 
DAM 6) MAGE B3 and MAGE B4 * die Mage C fiunily cuxrentiy incfazdes MAGE 
CI and MAGE C2. In general terms, a MAGE protein can be defined as containing 

20 a cote sequence signature located towards the C-terminal end of tise protein (for 
example witii respect to MAGE Ala 309 ammo acid protein, the core signadure 
corresponds to amino acid 19S-279). 

The consensus pattern of die core signature is thus desoribed as fbUows 
wherein X represents any amino acid, lower case residues are conserved 

25 (conservative variants allowed) and upper case residues are perfecdy conserved. 



Core sequmce signature 

LixvL ( 2x) I { 3x) g ( 2x) apEExiWexl ( 2x) m ( 3 - 4x) Gxe { 3 - 
4x) gxp (2x) lit (3x) VqexYLxYxqVPxsxP (2x)y«FLWGprA{2x) Et (3 
30 x)lcv 



Conservative substitutions are well known and ace generally setup as the 
default scoring matrices in sequence alignment conqniter programs. These 
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ptogiams imdude PAM2S0 (Dayhoft M.O. «r al., (1978), ''A model of 
evoludooaiy changes iQproteiiis''t la^'Attasof Protein sequence and stnictme'* 
5(3) M.O. Dayhoft (cd.), 345-352), National Biomedical Research Foundation. 
Washington, and Blosum 62 (Steven HenDcoft and Jorja G. Henikoft (1992), 
S Amino acid substimtion matrides from ptotem blocks**), Proc. Natl. Acad. Sci. 
USA 89 (Biochemistry): 10915-10919. 

In general terms, substitution witfain the following groups are conservative 
substimtions, but substimtions between groins are considered non-conserved* The 
groups are: 

10 i) Aspartate/asparagine/ghitamate/ghrtanmie 

ii) Serine/threonine 
isi) Lysine/arginine 

iv) PheoylalaniK/tyrosine/tiTpttiphane 

v) Ldicine/isoleucine/valine/merhionine 
15 vi) Glycine/alamnc 

In general and in die context of tills invention, a MAGE protein wiU be 
approximately 50% identical in this core region with ammo adds 195 to 279 of 
MAGEAl. 

20 Several CTL epitopes have been klentified on the MAGE-3 protein. One 

such epitope , MAGE-3 . Al . is a nonapeptidc sequence located between amino adds 
168 and 176 of the MAGE-3 protein ixrtuch constitutes an epitope 
when presented in association widi the MHC class I molecule HLA.A1* Recently 
two additional CTL epitopes have been identified on die pq;idde sequence of the 

25 MAGE-3 protein by their ability to mount a CTL response in a mixed culture of 
melanoma cells and autologous lympl»)cytes. These two qiitopes have specific 
binding motift for die HLA.A2 (Van derBruggcn, 1994) and HLA.B44 (Herman, 

1996) alleles respectively. 

The present invention provides MAGE protein derivatives. Sudi derivatives 
30 are suitable for use in therapeutic vaccine formulations which are suitable for the 
treatment of a range of tumour 9P^. 
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In one embodinient of the present invention, the derivative is a fiision 

proteins comprising an antigen from the MAGE protein fiunily linked to a 

teterologous partzser. The proteins may be chanicaily coiqugated, but are 

preferably expressed as recombinant fusion proteins allowii^ ixmeased levels to be 

5 produced in an expression system as compared to non-ftsed protein. Ttans the 

fusion partner may assist in providing T he^r epitiope$(immunological fiision 

partner), preferably T helper epitopes recognised by humans, or assist m eTqnessmg 

the protein (expression enhancer) at hi^r yields than the native recombinant 

protein. Preferably the fiision partner wiU be bo A an unmunological fiisira 

10 and expression enhancing partner. 

In a preferred form of the invention, the immunological fiision partner is 

derived from protein D, a surfece protein of the gramruegative bacterium, 

Haemophihis ififhtwwa B (W09I/1892^. Preferably Ae prqtdn J) dmy^iye 

conqyrises s^proxnnately tbt first 1/3 of the protein, in particular approximately the 

IS first N-tenninal 100-110 amino adds. Preferably die protein D derivative is 

lipidated. Preferably the first 109 residues of die Lqxqirotein D fiisicm partner is 

induded on die N-terminus to provide the vaccine candidate antigen widi addiddnal 

exogenous T<dl epitc^es and increase esqpression level in E*coli (thus acting also 

as an expression enhancer). The lipid tail ensures opthnal presentation of the 

20 antigen to andgm presenting cells. 

Other fiision partners include die nonrstructural protein from influenzae 

virus, NSl (hemagghitmin)* Typically the N terminal 81 amino acids are utilised, 

j^lt hfiiig h different fragments may be used provided they incbxde T-helper epitopes. 

In anothn' embodiment the immxmological fiision partner is die protein 

25 known as LYTA. Preferably die Ctermmal portion of die molecule is used. Lyta 

is derived from Streptococcus pneumoniae which syndiesize an N-acetyl-L-alanine 

amidase, amidase LYTA, (coded by die lytA gene {Gene, 43 (1986) page 263-272} 

an autolysin diat specifically degrades certain bonds in the peptidoglycan backbone. 

The C-tenninal dimiain oi the LYTA protein is responsible for die afifini^ to the 

30 choline or to some choline analogues such as DEAE. This property has been 

exploited for the development of E.coli C-LYTA expressing plasmids usefiil for 

expression of fiision protems. Purification of hybrid proteins containing die C* 

-4- 
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LYTA fragment at its amiiK) tenniims has been (tecribed {Biotechnology: 10, 

(1992) page 795-798}. As used herein a ptefened embodimem utilises the 

portion of the Lyta molecule found in the C terminal end startixig at residue 178. A 

particularly preferred form incorporates residues 188 - 3QS. 
S The inmnmolpgical fusion partners noted above are also advantageous in 

aiding agression. In particular, such fusions are expressed at higher yields than 

native recombinant MAGE proteins. 

Such constructs in a clinical settitig have been shown by tte present 

inventors to be able to treat melanoma. In one case, a patient whh stage IV 
10 melanoma was cleared of metasties after two doses of unadjovanted lipo D 1/3 

MAGE 3 His protein. 

Accordingly, the present mvention in die onbodiment provides fusion 

proteins comprising a tumour-associated antigen from the MAGE family linted to 

an inununoiogical fusion partner. Prefisrably the unmunological fusion partner is 
IS protein D or fragment thereof, most preferably l^oprotein D. The MAGE proteins 

are preferably MAGE Al or MAGE A3. The Lipoprotem D part preferably 

comprises the first 1/3 of L^oprotein D. 

The proteins of the present invention preferably are esqyressed in £. coli. In 

a pr eft i red embodunent the proteins are expressed with an afiBnity tag, such as for 
20 exanqile, a histidine tail comprising between 5 to 9 and preferably six histidine 

residues. These are advantageous in aiding purification. 

The present uivention also provides a nucleic acid encoding die proteins of 

the present invention. Such sequences can be inserted into a suitable ea^ression 

vector and used for DNA/RNA vacdnation or ejqiressed in a suitable host 
2S Microbial vectors expressing the nucleic acid may be used as vaccines. Such 

vectors nichide for exanqile, poxvirus, adenovirus, alphavirus, listeria and 

mooarphage. 

A DN A sequence encoding the proteins of the present invention can be 
synthesized usu3g standard DNA syndiesis techniques, such as by en^moatic ligation 
30 as described by D.M. Roberts et al. in Biochemistry 1985, 24, S090-5098, by 
chemical synthesis, by in vitro txeiymB&o polymerization, or by PGR technology 
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udlising for example a beat stable polymerase, or by a cambination of these 
techniques. 

Pfwymatic polymerisation of DN A may be cairi^ out in vitro using a DNA 
polymerase such as DNA potymerase I (EQenow fragment) m an a^iopnate buffer 
5 containing the nucleoside triphosphates dATP, dCIP. dCiEP and dTTP as required 
at a tenq)erature of 10'-37'C, generally in a volume of SOpl or less. Enzymatic 
ligation of DNA fragments may be carried out using a DNA ligase such as T4 DNA 
ligase in an appropriate buffer, such as 0.05M Tris (pH 7.4). O.OIM MgClj, O.OIM 
dilUotfareitoU ImM spermidine, tmM ATP aid O.lmg/mlbovniesenmi albumin, at 
10 a tcnqwature of 4'C to ambient, generally in a volume of 5(tal or less. The 
chemical synthesis of the DNA polymer or fragments xnay be carried oat by 
conventional phosphotriesier, phos[^te or phosphoramidite chemistry, usmg solid 
phase tf^hn^T'*^ ^ ^^^^ described in *Cheinical aosd Emgrinatib^^ S of 
Gene Fragments - A Laboratory Manual' (ed. H.G. Gassen and A. Lang), Veriag 
IS Chemie, Welnheun (1982), or in odier scientific publicadkms, for exanDple MJ. 
Gait, H,W.D. Mattfies, M, Sn«h, B,S. Sproat, and ILC. Titmas, Nucleic Acids 
Research, 1982, 10, 6243; B.S. Sproat, and W. Bannwarth, Tetrahedron Letters,. 
1983, 24, 5771; M.D. Matteucci and M.H. Caruthcrs. Tetrahedron Letters, 1980, 
21, 719; M.D. Mattaicci and M.H- Caruthcrs, Journal of the American Chemical 
20 Society, 1981, 103. 3185; S-P. Adams et al.. Journal of the American Chemical 
Society, 1983, 105. 661; N.D. Sinha, J. Biemat, J. McMannus, and H. Koester, 
Nucleic Acids Research, 1984, 12, 4539; and H.W.D. Matthes et al., EMBO 
Journal, 1984, 3, 801. 

The process of the mvendon may be performed by conventional recombinant 
25 techniques such as described m Maniatis et at.. Molecular Qoning - A Laboratory 
Manual; Cold Spring Harbor, 1982-1989. 

In particular, the process may conqxrise the stq» of : 
i) preparing a replicable or integrating expression vector 
capable, in a host cell, of expressmg a DNA polymer 
3Q ftfitiip rtfiin g a nucleotide sequence diat encodes d&e protein or 

an immunogenic derivative thereof; 

ii> transformmg a host cell widi said vector; 

-6- 



wo 99/40188 



CA 02319309 2000-08-03 

PCT/EP99/00660 



iii) culturisg said txamf onned liosc ceU 

pennitdog expression of said DN A polymer to produce said 
protein; and 

iv) recovering said protein. 

5 The term •transforming' is used herein to mean the introduction of foreign 

DNA into a host cell. This can be achieved for example by transformation, 
transfection or infection with an appropriate plasmid or viral vector using e.g. 
conventional techniques as descrfl)ed in Gmetic Engineering; E^^ Kmgsman 
and A.J. Kingsman; BladcwcU Scicndfic Publications; Oxford, England, 1988. Tlie 
10 term 'transformed* or *transformant* will hereafter apply to the resulting host ceU 
containing and ejqiTessing the foreign gene of iutetest 

Tbe expression vecton are novel and also fonn pait of die inveittion. 
The iq>licable expression vectors may be pr^ared in accordance widi tbe 
invention, by cleaving a vector con^atible widi (he host cell to provide a linear 
15 DNA segment having an intact r^Iicon. and combinu^ said linear s^ment wiiii 
one or more DNA molecules which, togedier with said linear segment encode the 
desired product, such as die DNA polymer encoding tbe protdn of die hwention. or 
derivative thereof, under ligating conditions. 

Thus, the DNA polymer may be preformed or formed during flie 
20 construction of the vector, as desired. 

The choice of vector will be detommed in part by the host ceU. whidi may 
be ptokaryotic or eukaryotic but are preferably E. CoU or CHO cells. Suitable 
vectors uichide plasmids. bacteriophages, cosmids and recombinant vuuses. 

The Reparation of the replicable expression vector be carried out 
25 conventionaily with appropriate enzymes for restriction, polymerisation and ligation 
of tbe DNA, by procedures described in, for example, Maniatis et al. cited above. 

The recombinant host cell is prepared, in accordance with the invetoion. by 
transforming a host ceU with a replicable expression vector of the invention under 
transfbrming comtitions. Suitable transfomung conditions are conventional and are 
30 described in. for example, Maniatis et aL cited above, or "DNA Cloning" Vol. H 
DM. Glover ed., IRL Press Ltd. 1985. 
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Thedioiceof transfotmingccMiditfoiis isdcl^^ Tbas, 
a bacterial host such as E. coU may be treated with a sohitioii of CaCIj (Cohen et 
al.r Proc. Nat. Acad. Sd., 1973, 69, 2U0) or with a solution comprising a mixmre 
of RhCl, MnClj, potassium acetate and glycerol, and fljen with 3-(N-morpholmbl- 
5 propane-sulpfaonic acid, RbCl and glycerol. Mammalian cells in culture may be 
transformed by calcium co-precipitation of tbe vector DNA onto the cells. The 
invention also extends to a host ceU transformed with a replicabte expression vector 
of die invention. 

Cutairing die transformed host cell under coiulitions permitting eiqnession 
10 of die DNA polymer is carried out conventionaUy, as described m, for example, 
Maniads «f at and "DNA Cloning" cited above. Thns, preferably die ceU is 
supplied widi nutrient and cutaired at a temperamre below 50»C. 

The ptodua is lecovwed by conventional mrthods^ccording^to die host cett 
and according to die localisation of die expression product Cmtraceltalar or secreted 
15 Into die culoire medium or hao die ceU periplasm). Thus, where die host ceU is 
bacterial, such as E. coU it may. for example, be lysed physically, chemically or 
eazymatically and die protdn product isoUuedficom die resulting 1^ Wheredie 
host ceU is mammalian, die product may generaUy be isolated ficom die nutrient 
medium or ftom ceU free extracts. Conventional protein isolation techniques 
20 uictade selective precipitttion. adsorption chromatograplv, and afSniiy 
chromatography inchiding a naonoclonal antibody affinity cotamn. 

The protems of die present invention are provided efther sotable m a liquid 

form or hi a lyophilised form. 

It is generaUy expected diat each human dose will comprise 1 to 1000 Mg of 

25 proton, and preferably 30 - 300 fig. 

The present invention also provides pharmaceutical composition comprising 

a proteta of die present mvention in a pharmaceutically acceptable exdpient. 

A prefercd vaccine composition comprises at least Lipoprotehi D - MAGE-3. 

Such vaccme may optionaUy contain one or more odier tumor-associated anti^ 
30 For example otiier members belonging to die MAGE and GAGE femilies. Suitable 

odicr rnmour associated antigen mclude MAGE-1, GAGE-1 or Tyrosinase proteins. 

-8- 
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Vaccine prepaiatioii is geoeraily described in Vaccine Design (*The subnnit 
and adjuvant approach" (eds. PoweQ M .F. & Newman (1995) Plenum Press 
New Yotk). Exttapsulation within lqx>some8 is described by Fullerton, US Patent 
4.235,877. 

5 The proteins of die present invention are preferably adjuvanted in die 

vaccine formulation of the invention. Suitable adjuvants include an aluminium salt 
such as ahminium hydroxide gel (ahmi) or ahiminmm phosphate, but may also be a 
salt of calcium, iron or zinc, or may be an insoluble suspension of acylated 
^rosine. or acylated sugars, cationically (k anionically derivatised polysaccharides. 
10 or polyidiosphazen^. Odier known adjuvants inchide CpG containing 
oligonucleotides. The oligonucleotides are characterised in that the CpG 
dinucleotide is unmethylated. Such oligonucleotides are wdl known and are 
descr&ed in. for exs^ 

In the fonnulation of the inventions it is preferred diat the adjuvant 
15 composition induces an immune response pr e fer e n tially of the THl type. Suitable 
adjavznt systems inchide. for exanq^le a combination of monophosphoiyl lq>id A, 
preferably 3-de-O-acylated mcHiophosphoryl lipid A (3D-MPL) togedier with an 
aluminhmi salt. CpG oligonucleotides also preferentially mdnce a THl rcqxmse. 
An enhanced system involves the combination of a monopbos{du)ryl lipid A 
20 and a saponin derivative particularly the combmation of QS21 and 3D- MPL as 
disclosed in WO 94/00153. or a less reactx^oic conqiosition where the QS21 is 
quenched with cholesterol as disclosed in WO 96/33739. 

A pardcttlarly potent adjuvant fonnulation involving QS21 3D*MPL & 
tocopherol in an oil in water emulsion is described in WO 95/17210 and is a 
25 preferred formulation. 

Accordingly in one embodiment of die present mvention there is provided a 
vaccine conqirising a protein of the present invention, more preferably a 
Lipoprotein D (or derivative thereof) - MAGE-3 adjuvanted widi a monophosphocyl 
lipid A or derivative thereof. 
30 Preferably the vaccine additionally conq)rises a saponin* more preferably 

QS21. 
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Prefecabiy the fonnulation additional conqtiises an oil ia water enmision and 
tocopherol. The present invention also provides a mediod for prodnciog a vaodne 
fonnulation con^rising mixing a protein of tte present invention togedier with a 
phamumidcally acceptable excipient, such as 3D*MPL. 
5 In one aspect of die invention there is provided a process for purifying a 

recombinantly produced MAGE-protein. The process conq>rises sohibiiising the 
protein, for exanq>le in a strong chaotropic agent (such, as for exznsple, urea, 
guamdium hydrochloride), or in a Zwitterionicnic d^ergent, e.g. (Empigen BB * o- 
dodecyl- N,N-dim^ylglycine), reducing the protein's intra and inter nioiecular 

10 disulphide bonds, biocldxig the resulting diiols to prevent oxidative recoupling, and 
subjectipg the protein to one or more chromatographic steps. 

Preferably, die blocking agent is an alkylating agenL Such bloddng agents 
include but are not limited to alpha balpacids or aj^ha haloamides. For example 
iodoac^ acid and iodoacetamide which results in carboigrmed^latioA or 

15 carboxyamidation (carbamidomethyladon) of the protein. Other blocking agents 
may be used and are descr9)ed in the literature (See for exam^de. The Proteins Vol 
n Eds H neurath, RL HiU and C-L Boeder, Academic press 1976, or Chemical 
Reagents for Protein nKxlificadon Vol I eds. RL Lundblad and CM Npyes, CRC 
Press 198S). Typical exanq>Ies of such other blocking agents inchide N - 

20 ^bnaleindde, chloroacetyl phosphate, 0-mediylisourea and acrylonitrile. The use 
of die blocking agent is advantageous as it prevots aggregation of the product, and 
ensure stability for downstream purification. 

In an embodiment of die invention die blocking agents are selected to "v*"^^ 
a stable covalent and irreversible derivative (eg alpha halo acids or alpha 

25 haloamides). However odier blocking agents maybe selected such that after 
purification die blocking agent may be removed to release the non derivatised 
protein. 

MAGE proteins havix^ derivatised free diiol residues are new and form an 

aq^ect of die invention. In particular carboxyanndated or carboxymediylated 

30 derivatives are a preferred embodiment of the invention. 

In a preferred embodiment of the invention the proteins of die present 

invention is provided widi an affinity tag, such as CLYTA or a polyhistidine tail. 
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In sudi cases die protein after tbe bloddog step is preferably subjeded to afBniQF 
chrranatography. For diose pniteins with a polyhisddine tail, immobiUsed metal k» 
affinity chromatography (IMAQ may be performed. The metal ion, may be any 
suitable ion for oan^le zoic, nidoel, iron, magnesium or copper, but is preferably 
anc or nickd. Preferably die IMAC buffer contain a rwitterionic detergent such as 
Empigen BB (hereinafter EmpigeiO as diis results in lower levels of endotoxin in 
die final product. 

If die protein is produced widi a Dyta part, die protem may be purifed by 
exploiting its affinlQr to choline or choline analogues such as DEAE. In an 
embodiment of die mvoition die proteins are provided widi a polyhistidine tail and 
a Clyta part. These may purified in a simple two step affinity chtomaiographic 
purification schedule. 

The invoidon will be fisther desoibed by reference to the followiog 

examples: 
EXAMPLEI: 

Prepaiattai the recomhinant E. coU strain expresshig die fu^n protein 
Upoprotein D-MAGE-3-His (LPD l/3-MACT-3-His or LpD MAGE-3-Hb) 

1. The£. CoS eiqpresdimaiystan: 



For dtB producdon of Upoprotdn D die DNA encocfing protem D has been 
dowd into die expression vector pMG 81. This plasmid utilizes signals ftom 

25 lambda phage DNA to drive die transcription and translation of inserted foreign 
genes. The vector contains die kunbda PL promoter PL. operator OL and two 
utilization sites (NutL and NulR) to relieve transcriptional polarity effects when N 
protein is provided (Gross et al.. 1985. Mol. & CeU. Biol. 5:1015). Vectors 
containing die PL promoter, are imroduced mto an E. coli lysogenic host to 

30 stabilize die plasmid DNA. Lysogenic host strams concun replicatfon-defective 
lambda phage DNA initiated mto die geoome (Shatzman et al.. 1983; In 
Experimental Manipulation of Gene Expression. Inouya (ed) pp 1-14. Acadonic 
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Press NY). The lambda phage DNA directs the synthesis of the cl repressor protein 
which bizuis to the OL rqmssor of die vector and prevents binding of RNA 
polymerase to the PL promoter and thmby transcription of the inserted gene. The 
cl gene of the expression strain AR58 contains a tenqperatiire sensitive mntation so 
5 ibBt PL directed transcription can be regulated by tenqperature shift, Le. an mcrease 
in culture tenq>erature inactivates the rqnessor and synthesis of the foreign protem 
is initiated. This e7q»ression system allows controlled syndesis of foreign proteins 
especially of those that may be toxic to the ceil (Shunataka & Rosoberg, 1981. 
Namre 292:128). 

10 

2. The E. Coll strain AR58: 

The ARS8 lysogooic E. coli strain used for die production of the LPD- 
MAGE-3-His protein is a derivative of die standard NIH E.coli K12 strain N99 (F- 

15 su- galK2, lacZ- thr-). It contains a defective lysc^enic lambda phage (galE::TNiO, 
IKil- cI8S7 DHl). The Kil-phenotype prevents die shut ofif of host macromolecular 
synthesis. The cI8S7 mutation confers a temperature sensitive lesion to the d 
repressor. The DHl deletion ronoves die lambda phage rig^ qieron and fte hosts 
bio» uvr3, and chlA loci. The ARS8 strain was generated by transduction of N99 

20 widi a P lambda phage stock previously grown on an SASOO derivative 
(galE::TN10, 1 Kil- cI8S7 DHl). The introduction of the defective lysogen into N99 
was selected with tetracycline by virtue of the presence of a TNIO ttansposcm 
coding for tetracyclin resistance m the adjacent galE gene. N99 and SASOO are 
E.coli K12 strains derived from Dr. Martin Rosenberg's laboratory at die National 

23 Institutes of Health. 

3. Constnictioa of the vector desi^aed to eaqpress the recombinant protein 
LFD-MAGE-3-His: 

30 The rationale was to eq>iess MAGE 3 as a fusion protein using the N- 

terminal third of the lq)idated protein D as fusion partner connected at die N- 
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termious of MAGE-3 and a sequence of several histidine residues (His tail) placed 
at its C*terniinus* 

Protein D is a lipc^tein (a 42 IcDa immunogl(4mIin D binding protein 
eicposcd on the surface of the Granwiegative bacteriam Haemophilus u^uempe). 
5 The protein is synthesized as a precursor widi an 18 amino acid residue signal 
sequence, containing a consensus sequence for bacterial lipoprotein (WO 91/18926). 

When the signal sequence of a lipoprotein is processed during secretion, the 
Cys (at position 19 in the precursor molecule) becomes die amino terminal residue 
and is concomitantly modified by covalent attachment of both ester-linked and 
10 amide-linked fatty acids. 

The &tty acids linked to the amino-fierminal cysteine residue then function as 

membrane anchor. 

The plasmid expressing the flision protein was designed to express a 
precursor protein containing the 18 amino adds signal sequence and die first 109 
IS residues of ibe processed protein D, two unrelated amino acids (Met and Asp), 
amino acid residues 2 to 314 of MAGE-3, two Gly residues fimcdoning as a hinge 
region to esq^ose the subsequent seven His residues. 

The recombinant strain thus produces die processed lipiddted His tailed 
fusion protein of 432 ammo acid residues long (see Rgure 1). widi the amino adds 
20 sequence described in ID Nol and the coding sequence is described in ID No2. 

4. Qoning strategy for the geno^on of the LFD-MAGE-3-Hisf^ 
(rector pR]T14477): 

25 A cDNA plasmid (from Dr TTiicrry Boon from the Ludwig Instinne) 

containing die coding sequence for MAGE-3 gene ((jaugler Betal, 1994). and the 
vector PRIT 14586, containing die N terminal portion of the Lipo-D-l/3 coding 
sequence (prepared as outlined in Figure 2) were used. The cloning strategy 
included die foUowmg steps (Figure 3). 

30 

a) - PGR amplification of the sequences presented in the plasmid cDNA 
MAGE 3 using die oligonucleotide sense: 5' gc gcc atg gat ctg gaa cag cgt agt cag 
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cac tgc aag cct, aod the oligonucleotide andsense: S'gcgtctagattaatggiga^g^ 
a^g^atgaccgccctcttcccccictct caa): fliis amplification leads to followii^ 
modifications at the N tetmimis: changing of the fiist five codons to E. coli codpn 
usage, replacement of the Pro codon by an Asp codon at position 1. installation of 
an Ncol site at tiw 5' exttemiiy and finally addition of two 2 Oly codons and die 7 
His codon followed by an Xbal site at the C-tenninns. 

b) - aooing mto tiie TA cloning vector of invitrogen of tije above an^lifted 
fragment and preparation of die intermediate vector pRIT14647. 

c) - Excision of die Ncol Xbal firagment from plasmid pRm4647 and 
clonmg into the vector pRIT 14586. 



15 



d) - Transfoxmatira of the host strain AR58. 

e) - Selection and cbatacterization of die E. coli strain ttansformants 
containing die plasmid pWT 14477. exptessmg die LPD-MAGE-S-His fiision 
proteitt. 



20 EXAMPLEII: 



Preparation of the LFDl/3 - MACT-3 -His antigen: 

1. Growth and indnction of bactorial strain •Expesdon(tfLFDl/3 
25 .MAGE-3-His: 

CeBs of AR58 transformed widi plasmid pRm4477 were grown in 2 litre 
flasks, each contahiing 400 mL of LY12 medium supplemeoied widi yeast extract 
(6.4 g/L) and kanamycin sulphate (50 mg/L). After incubation on a shaking table at 
30 30"C for 8 -H/- 1 h, a smaU sanq)te was removed fi»m eaiA flask for microscopic 

examination. The contents of die two flasks were pooled to provide die uKwihim 
for die 20 litre fermentor. 
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The inoculiim (about 800 mL) was added to a pie-sterilised 20 litre (total 
vohuoe) ferment containing 7 litres of medium, supplemented with SO mg/L of 
kananycin sulphate. The pH was adjusted to and maintained at 6.8 by the periodic 
addition of NH4OH ^ % v/v), and the temperature was adjusted to and maintajnpd 

5 at SO'^C. The aeration rate was adjusted to and maintained at 12 litres of air/min and 
the dissolved oxygen tensbn was maintained at SO % of saturatioa by feedback 
control of the agitation speed. The over*piessure in the fermentor was maintained at 
SOO g/cm> (O.S bar). 

The fed*batch culdvation was carried out by controlled addition of a carbon 

10 feed solution. The feed sohition was added at an niitial rate of 0.04 mL/min, and 
iureased exponentially during die first 42 hours to maintain a growth rate of 
0.1 h^ 

After 42 tows, tte teanprnu^ in die fomentor was rapidly increased to 
39"*^ and die feeding speed was maintained constant at O.OOS mUg DCW/min 

IS during die mducdon phase for an additional 22-23 hours, during which time 
intracelhilar expression of LHKMAGE-S-His reached a maximum levcL 

Aliquots (IS mL) of brc^ were taken at tegular intervals dirous^hout die 
growdi/mduction phases and at die end of the fiermentadon to follow the kinetics of 
microbial growdi aiui uitraceUular product expression and in addition, to provide 

20 sanqyles for microbial identification/pnriiy tests. 

At the end of fermentation, the optical density of die culture was between 80 
and 120 (correq^otviing to a cell concentration of between 48 and 72 g DCW/L), 
and die total liquid volume was approximately 12 litres. The culture was rapidly 
cooled to b^ween 6 and lO^'C, and die cells of ECK32 were separated from die 

2S culturebrodibycentrifugationatSOOOxgat4*Cfor 30 minutes. The cone 

cells of ECK32 were quickly stored in plastic bags and innnediaiely frozen at - 
80*C. 
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2« Extraction of the protdn: 

The frozen conceniiated cells of ECK32 were diawed to before being 
re*suspended in cell disiuption buffer to a final optical densi^ of 60 (corresponding 
S to a ceU concentration of proximately 36 g DCW/L). 

The cells were disrupted by two passes through a hi^pressure homogeniser 
(1000 bar). The broken cell suspension was centrifoged (x 10 OOOg at 4*>C for 30 
minutes) and die pellet fraction was washed twice with Triton XlOO (1% w/v) 4- 
EDTA (1 mM), Mowed by a wash widi phosphate buffered saline (PBS) + Tween 
10 20 (0.1% v/v) and finally a wash with PBS. Between each washixig stage, die 
suspension was centrifiiged at x 10 OOQg for 30 munites at 4°C, the supernatant was 
discarded and the pellet fraction was retained. 

EXAMPLE ni: 

15 

CSiaracterisation of fosion Ftotrin Lipo D * MA(3E 3: 
1. Purification: 

20 LPD-MAGE-3-His was purified frcm die cell homogenate using a sequence of steps 
described below: 



a) - Sohibilisation of die washed pellet fracdon from ceil disnq^tion. 

b) " Chemical reduction of intra- and mter-protein disutphule bonds followed 
25 by blocldng of diiol groups to prevent oxidative re-coupling, 

c) - Microfiltration of (he reaction mixture for the removal of particulates 

and reduction of endotoxins, 

d) * Capture and prnnary purification of LPI>MAOE-3-His by exploitation 

of dieafBnity interaction between the pol^iistidine tail and zuic4oaded 
30 Chelating Sqiharose, 

e) « Removal of contaminant proteins by anion exchange chromatography. 
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The purified LPD-MAGE 3-His was subjected to a tmobet of polishing stages: 

f) - Buffer exchange/uiea removal by size exchision chromaiogrqihy using 
Sapeniex75, 
S g) * luiNPOcess filtration, 

h) - Buffer excbange/desaltixv by size exclusion chromatography using 
Se[diadex G2S. 

Each of these steps is described in more detail below: 

10 

1.1) - Sohibilisation of cell homogenate pellet 

The pellet fraction from the final washing stage (as described above) was re- 
sohibilised overnight in 800 mL of a solution of guanidme bydrochloride (6M) and 
sodhmi phosphate (0.1 M, pH 7.0) at 4*C. 

15 

1.2) * Reduction and carboxymediylation 

The sohibilised material (a pale ydlow, tuifoid suspension) was flushed witb 
argon to purge any remaining oxygen, and a s^ sohition of 2-mercaptoe(haDol 
(14M) was added to provide a final concentration of 4.3M (which corresponded to 

20 0.44 mL of 2-mercaptoedianol per mL of solution). 

The resulting sohition was divided and transferred into two glass flasks 
ixdiich were bodi heated to 95 *^ in a water bath. After 15 minutes at 95 "C, the 
flasks were removed from die water bafh and allowed to cool, wfaetei^on die 
contents were pooled into a fbil^coveied beaker (5 L)» placed on ice, and solid 

25 iodoacetamide added with vigorous mixing to provide a final coomitration of 6M 
(which corresponded to 1.11 g of iodoacetamide per mL of solution). The mixture 
was held on ice in die dark ft>r 1 hour to ensure complete solubilisafion of 
iodoacetamide, before bemg neutralised (maintaining vigorous mixing and 
continuous pH monitoring) by the addition of approximately 1 litre of sodium 

30 hydroxide (5 M) to give a final pH of 7.5-7.8. 

The resulting mixture was maintamed on ice in the dark for a further 
30 minutes, after which time die pH was re-adjusted to pH 7.5-7.8. 
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1.3) * Micxofiitration 

The mixture was microfilfiered in an Amicon Profhix M12 tangendal-fiow 
unit equipped with a Minikros hoUow fibre cartridge (ref. No. M22M-600-OiN; 
area 5,600 cm^, 0.2 ^m). The permeate was retained for subsequent 
5 chromatographic purification. 

1.4) • Metal (Zn chelate chromatography (IMAQ 

Metal chelate chromatograpl^ was performed with Chelating Sepharose FF 

(Pharmacia Biotechnology Cat. No. 17-QS7S-01) packed mto a BFG 100/500 

10 cohunn (Pharmacia Biotechnology Cat No. 18-1103-01). The dimensions of the 

packed bed wm: diameter 10 cm; cross-sectional area 79 cm^; bed height 19 cm; 

packed vohune 1^500 mL. The empty cohmm was sanitised widi sodfami hydroxide 

(0.5M), then washed with purified water. 

The support (delivered in 20 % v/v etfaanol) was washed with purified water 

15 (8 litres) on a Budmer funnel (under vacuum) and charged widi zinc by passing at 

least 15 litres of a sohition of S^oCIi (O.IM). Excess zinc was removed by washing 

the support with 10 litres of purified water, until dhe pH of dse outlet 1^^ 

the pH of the ZnClj solution (pH 5.0). The siqyport was then equilibrated wifii 4 

litres of a sohidon containing guanidine liydrochioride (6M) and sodmm phosphate 

20 (O.IM. pH 7,0). 

The permeate from mioofiltrationt containing LPD-MAGE-3-His, was 

mixed with the support (batch bniding), before loading and packuig the BPG 

cohmm widi the sohition containing guanidine hydrochloride (6M) and sodium 

phosphate (0.1M« pH 7.0). 

25 The next stages of metal chelate chromatogrqihy were conducted at an 

eluent flow rate of 60 mL/min. The cohmm was washed, first with tbt sohidon 

containing guamdiae hydrodiloride (SM) and sodhim plmsphate (O.IM. pH 7.0), 

then widi the solution contaming urea (6M) and sodmm phosphate (O.IM* pH 7.0), 

undl the column ehient attained zero absorbance at ODjao nm (baselme). 

30 The semi-i»ure LPD-MAGE-3-His protein fraction was eluted with 2 cohmon 

vohimes of a sohition contaming urea (6M), sodhun phosphate (O.IM, pH 7.0) and 

imidazole (0.SM). The conductance of this fracdon was approxhnately 16 mS/cm. 
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LS) - Anion exchange chnnnatography 

Before continuing with anion exchange chromatogiaplgr, the conductance of 
the semi-inirc LPD-MAGEr3-His protein fraction was reduced to approximately 4 
5 mS/cm by dihition with a solution containing urea (6M) and Tris-HQ (20 mM» pH 
8.0). 

Anion exchange chromatography was performed using Q-Sephaiose FF 
(Pharmacia Biotechnology, Cat. No. 17^510-01) packed m a BPG 200/500 cohmm 
(Pharmacia Biotechnology Cat No. 18-1103-11). The dimensions of the packed 
10 bed were: diameter 10 cm; cross-secdonai area 314 cn:^; bed height 9 cm; packed 
vohnne 2,900 mL. 

The cohmm was packed (widi 20 % v/v ethanol) and washed with 9 litres of 
purified water at an eiuent flow nute of 70 inL/min. Tbe padosd cohmm was 
sanitised with 3 litres of sodium hydroxide (0.5M), washed with 301hres of 

IS purified water, dien equilibrated with 6 Ikres of a sohitionconta^ 

Tris-HQ (20 mM, pH 8.0). The dihited, semi-purified LPD-MAGE-3-His was 
loaded onto the cohmm and dien washed with 9 litres of a solution containing iirea 
(6M), Tris-HQ (20 mM, pH 8.0), EDTA (ImM) and Tween (0.1 %), until the 
absorbaxM ^80 nm) of the ehient fell to zero. 

20 A further washing step was performed with 6 litres of a solution contaming 

urea (6M) and Tris-HQ 00 mM. pH 8.0). 

Tbe purified LPD-MAGE-3-His was ehited firom the cohmm with a sohition 
containing urea (6M), Tris-HQ (20 mM, pH 8.0) and NaQ (0.2SM). 

25 1.6)- Size exchisionchromatogrq>hy 

The removal of urea firom purified LPD-MAGE-3-His and the buffer 
exchange were bodi achieved by size exclusion chromatography. This was 
performed using Superdex 75 (Pharmacia Biotechnology Cat. No. 17-1044-01) 
packed m an XK 50/100 cohmm (Pharmacia Biotechnriogy Cat. No. 18-8753-01). 

30 The dimensions of die packed bed were: diameter 5 cm; cross-secdonal area 
19.6 cxdF; bed height 90 cm; packed volume 1,800 mL. 
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The cohimn was packed in eOanol (20 %) and washed widi S litres of 
purified water at an efiQuem flow rate of 20 niUmin. The col^^ 
2 litres of sodnm hydroxide (O.SM), washed widi S litres of purified water, then 
equilibrated with S litres of phosphate-bufiiered saline containing Tween 80 (0.1 % 
5 v/v). 

The purified LPD-MAGE-3-His fraction (maximum SOD mL/ desalting run) 
was loaded onto the column at an eluent flow rate of 20 mL/min. Tte desalted 
purified IPD-MAGE-3-His was eluted from the cohmm widi 3 litres of FBS 
containing Tween 80 (0.1 % v/v). 
10 The fraction contaming IPD-MAGE-3-His ehxted at the void volume of die 

cotumn. 

1.7) - In-prooess filtration 

The bulk LFD*MAGE-3-His from size exchision chromatognq^hy was 
IS filtered through a 0.22 (un membrane in a laminar flow hood (class 10.000). The 
fihered bulk was frozen at -80 °C and stored until Ae desabnig step. 

1.8) - Desalting chrcmiatography 

Since the osmolality of the final bulk should be less than 400 mOsM, a 
20 ftirther buffer exchange step was required to reduce the salt concentration. This was 
performed by a desabmg chromatographic step usmg Sephadex G25 (Pharmacia 
Biotechnology Cat. No. 17-0033-02) packed m a BPG 100/950 cohmm (Pharmacia 
Biotechnology Cat. No. 18-1103-03). The dimensions of the packed bed were: 
diametn 10 cm; cross-secdonal area 78.6 cn^; bed hd^ 85 cm; packed vohmie 
25 6.500 mL. 

The Sephadex G2S was hydrated widi 7 litres of purified water and allowed to swell 
ovemi^ at 4 ''C. The gel was then packed in the cohimn with pure water at an 
ehient flow rate of 100 mL/min. 

The cohmm was sanitised with 6 litres of sodmm hydroxide (0.5M), then 
30 equilibrated with 10 litres of a solution containing sodmm phosphate (10 mM, pH 
6.8), NaQ (20 mM) and Tween 80 (0.1 % v/v). 
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The purified LPD-MAGE-3-His firaction (maximum 1500 mL/desalttng nm) 
was loaded onto tbe column at an ehient flow rate of 100 mL/min. The desalted 
purified LPD-MAGE-3-His firaction ehited at the void volume of the cohmm, was 
sterile filtered through a 0.22 ^m membrane and stored at «80*'C. 
S The final bulk protein is ftawed to H-4**C before being aliquoted into vials and 
freeze-dried in a lactose excipient (3.2%). 

2. Analysis on Coomassie-stained SDS^^yacryiai^ 

10 The LPD-MAGE-3-His purified antigen was analysed by SDS-PAGE on a 

12.5% acrylamide gel in reducing conditions. 

The protein load was 50 ^ for Coomassie bhie stahiing and 5 ^g for silver 
nitrate staining. Clinical lot 96K19 and pilot tot 96J22 woe amdyzed. Oixe major 
band correspotding to a molecular weigjxt of (SOidDa was visualised. Two minor 

15 additional bands of approximately 4Sld>a and 35 IcDa were also seeiL 

3. Western Blot Analysis: 

The peptides revealed by SDS-PAGE analysis of die LPD-MAGE-3-His 
20 protein were identified by Western blot using mouse monoclonal antibodies. These 
antibodies were developed in-house using a purified prqoration of the MAGE-3- 
His protein (diis protein does not contain dw LPD part of the LPD-MAGE*3-His). 

Two monoclonal antibody preparations (Nfab 22 and Mab 54) have been 
selected on die basis of dieir suitability for Western blot analysis and used in die 
25 identity test for lot release. Figure 4 shows die band patterns obtained for lots 
96K19 and 96J22 after staming widi Mabs 32 and 54. Six hundred (600) ng of 
protein were resolved on a 12.5% SDS-PAGE, transferred to a nylon membrane, 
reacted widi Mabs 32 and 54 (60 ^g/tnl) ^ revealed widi anti-mouse antibodies 
coupled to peroxidase. 

30 Tbe 60 UDa and 30 kDa peptide detected by SDS-PAGE are revealed by 

bodiMabs. 
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EXAMPLE IV: 



1. Vaccine prqiaration osiiig UPI>-MAG&> 

5 The vaccine used in these experiments is produced from a recombinant 

DNA, encoding a Lipoprotein D l/3-MAGE-3-His, expressed in E. coU from the 
stram ARS8, either adjuvanted or not As an adjuvant, the fimnulation con^rises a 
mixture of 3 de -O-acylatcd monophosphoryl lipid A (3D-MPL) and QS21 in an 
oil/water enmMon. The adjuvant system SBAS2 has been previously desert 

10 95/17210. 

3D-MFL: is an hnmunostinnilant derived fitmi die lipopolysaccharide (LPS) 
of die Gram-negative bacterium Salmonella mimesota. MPL has been deacylated 
and is la^^ing a phosphate groiqi on the lipid A moieiy. This chemical treatment 
15 dramatically reduces toxiciQr while preserving the imnamostmnilant properties 
(Ribi, 1986). Ribi Immunochemistiy produces and supplies MPL to ^Biolqgicals. 
Experiments performed at Smidi lOme Beecham Biologicals have sto 
3D-MPL combined with various vdiiclcs strongly enhances botfi tte humoral and a 
THl type of ceUular bnmuni^. 

20 

QS21: is a natural saponin molecule extracted from die bark of die Soudi 
American tree Quillaja ssqponaria Molina. A purification technique developed to 
separate die individual saponines from the crude extracts of the bark, permitted the 
isolation of die particular saponin, QS21. which is a triterpoie glycoside 

25 demonstrating stronger adjuvant activity and lower toxicity as cra^ared with die 
parent component. QS21 has been shown to activate MHC class I restricted CTLs 
to several aibunit Ags, as well as to stimulate Ag specific lymphocytic prolifieration 
(Kensil, 1992). Aquila (formally Cambridge Biotech Corporation) produces and 
si^plies QS21 to SB-Biologicals. 

30 Experiments performed at SmidiKline Bcecham Biologicals have 

demonstrated a clear synergistic cfiBsct of combmations of MPL and QS21 in the 

induction of bodi humoral and THl type ceUular hnmune response. 
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The on/water ^miiMAn is composed an organic phase made of of 2 oils 
(a tocopherol and sqaalene), and an aqueous phase of PBS containing Tween 80 as 
enmlsifier. The emulsion con^rised 5% squalene 5% U)copherol 0.4% Tween 80 
5 and had an average particle size of 180 nm and is known as SB62 (see WO 
95/17210). 

Experiments performed at SmithKline Beccham Biologicals have proven diat the 
adjunction of this 0/W emulsion to 3D-MPUQS21 (SBAS2)fixrther increases the 
10 iimmifin fithiiiilant properties of the latter gainst various subunit antigens. 

2. Pr^aration of emulsion SB(i2 (2 fold concentrate): 

Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2% 
15 sohition m the PBS. To provide 100 ml two fold concentrate emulsion 5g of DL 
alpha tocopherol and 5ml of squalene are vortexed to mix fhorouglily. 90ml of 
PBS/Tween sohition is added and mixed thoroughly. The resulting emulsion is then 
passed throi^ a syringe and finally microfhiidised by using an MHOS 
microfluidics machine. The resulting oil droplets have a size of iqrproximately 180 
20 nm. 

3. Pi^paratioa of Upoprot. Dl/3 - MAG&3-His QS2iy3D MFL oa in 
(SBASZ) formulation: 

25 The adjuvant is fonnnlated as a combination of MPL and QS21» in an 

oil/water emulsion. This preparation is delivered in vials of 0.7 ml to be admixed 
with the lyophilised antigen (vials containing from 30 to 300 lug antigen). 

The composition of the adjuvant diluent for the lyqihilised vaccine is as follows : 
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Ingredkots: 


Ijoftnuij iper oosei* 


Adjuvants 




SB62 Bnulsioa: 

- Squalene 
- DL a-iocoptaeroi 
-TweenSO 


2S0(U 
10.7 mg 
11.9 mg 
4.8 mg 


Monophosphoryl L^id A 


100 |ig 


QS21 


100 ^g 


Preservative 




Thiommal 


25m 


BufBcr 




Water for iiyecdcm 
* Dibasic sodinm pho^lote 
* Moflobasic potassium phosphate 
. Potassium chloride 
- Sodium chloride 


q.s. ad0.5ml 

575 Mg 
100 fig 

100 Mg 
4.0 mg 



The final vaccine is obtained after leconstitiition of the lyopbilised 
5 LPD-MAGE-3-His piepaiatirai widi tbe adjuvant or widi PBS alone. 

The adjuvants coittrols widiout antigen were prepared by replacing die 
protein by PBS. 

4. Vacdne antigen: Fusion protein Lipoprotdn Dl/3 • MA6E-3-His: 

10 

I^wprotein D is a lq;K)proiBin wqwsed on die surface of die Gram-negative 
bacteria Haemopbiius influenzae. 
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The inclusion of tbt first 109 residues of (he processed protein D as fusion 
partner is incorporated to provide die vaccine antigen widi a T-ceil epitopes. 
Besides die LPD moiety, the protein contains two unrelated amino adds (Met and 
Asp), amino acid residues 2 to 314 of Mage-3, two Gly residues funcdoning as 
5 hinge region to eT^iose the subsequent seven His residues. 



EXAMPLE V: 



1. ImmunogOEddty of LPD-MA6E-3«His in inice and nuBn^ 

10 

In order to test the antigenicity and immunogmicity of die human MAGE-3 
protein, die candidate vaccine was iqccted into 2 different mouse strains (C5TBU6 
and Balb/C), varying in dieir genetic bad^ground and MHC alleles. 
For both mouse strains, potential MHC class*! and MHC class-II pepdde motifi 
IS were theor^ically predicted for die MAGE part of die LPD-MAGE-3-His fiision 
protein. 

a) - Lmnunizadon protocol: 

S mice of each strain were injected twice at 2 weeks int^val in the fix»t pad 
20 widi 5 fig of LPD-MAGE-3-His, formulated or not in SBAS2 at 1/lOdi of die 
concentration used in humai setdxigs. 



b) Ftolifieradon assay: 

Lymphocytes were prepared by crushing die spleen or the popliteal lyn^ 
25 nodes from the mice, 2 weeks after die last iqection. 2 x lO' cells were placed in 
triplicate in 96 well plates and the cells were re-sdmulated in vitro for 72 hours 
with different concentrations (1- 0.1 ftg/ml) of His-Mage 3 as such or coated onto 
latex micro-beads. 

An increased MAGE-3 specific lynphoproliferative activity was observed 
30 withbodi spleen cells (see Figures S and 7) and lyn^h node ceils (see Figures 6 and 
8) from eidier CS7BL/6 or Balb/C mice injected with die LFD*MAGE-3-His 
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protein, as compared with the lymphoproUfeative response of mice havii^ received 
die SBAS-2 formuladon alone or FBS. 

Moreover, a significant higher proliferative response was obtamed widi 
lyn^hocyt^ from mice mm"^^^ widi LFD-MAGE-3-His in the acQuvant SBAS2 
S (see Figures 6 and 8). 

c) « Conchision: 

LPD-MAGE-3-His is hnmunogenic in mice, and diis fannmnogenicity can be 
increased by die use of the SBAS2 adjuvant fbrnmladon. 

10 

2. Antibo^ response: 

a) - Immunization Protocol: 

Balb/c or CS7BL/6 mice were immunized by 2 intra foot pad ii^ections at 2 
IS weeks int^val with eidier PBS, or SBAS2, or 5 iiG of LPD-MAGE-3-His, or S §iG 
of LPD-MAGE-3-His + SBAS2. 

Three and five animals were used m die control groups and m die tested groiq)$ 
respecdvely* 

20 b) - Indirect EUSA: 

Two weeks after the second ugecdon, individual sera were taken and 
submitted to an indirect ELISA. 

2 fiG/ml of purified His MAGE 3 was used as coated antigen. After saturation 
during 1 hour at 37**C, m PBS + 1% newborn calf senmi, the sera were serially 

25 diluted (starting at 1/1000) in the sannadon bufiEer and incubated overnight at 4**C, 
or 90 minutes at 37'C, After washing m PBS/Tween 20,01%, Biotinylated goat 
and*mouse total IgG (1/10%) or goat and-moose IgGl, IgG2a, IgG2b antisera 
(1/5000) were used as second antibodies* After 90 minutes incubadon at ST^'C. 
Streptavidin cotqpled to peroxidase was added, and TMB (tetra-medqrl-benzidine 

30 peroxide) was used as substrate. After 10 minutes the reaction was blocked by 
addition of H2SO4 0.5M, and the O.D. was determined. 
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c) - Results: 

Figure 9 conqmres between the difierent groups of mice (NsS/group), die 
relative mean midpoint titer of die sera, which consists in die mean dibition needed 
to reach the midpoint of die curves. 
5 These results show that in bodi mouse strains tested, a weak Ab response is 

mounted after 2 injections of LPD-MAGE-3-His alone, but diat higher anti-MAGE 
3 Ab concentrations are generated when LPD-NfAGE-3-His is uijected in the 
presence of SBAS2. Thus, only 2 iqections of LPD-MAGE-3-His + SBAS2, at 2 
weeks interval, are sufBcient to generate the high Ab response observed. 

10 The better Ab response observed in die Balb/c mice as compared with the 

response obtained in the CS7BL/6 mice can be esqilained by difiSsrences in 
haplotypes or in background between diese 2 strains, even though die Ab titre 
achieved m CS7BU6 mice is also hi^ier after mjecdons of IJPD-MAGE-3-His + 
SBAS2 dian after mjections widi LPD-MAGE-3-His alone. 

15 The Ig subclasses-specific aiid-MAGE-3 responses after vaccinations in die 

different groaps of mice can be seen on tte figures 10 and lU wfaicb give a 
conqMuison of die mean mid^int dilution of die sera. 

Neither IgA. nor IgM were detected in any of die serum samples even firom 
the mice vaccinated widi LPD-MAGE-3-Ifis in die adjuvant SB AS2. 

20 Ontheconnary, die total IgG level was sli^yhi^iermdw sera from nu^ 

vaccinated wtdi LPD-MAGE-3-His alone, and significantly increased in the sera of 
animals iigected widi LPD-MAGE-3-His in SBA&2. 

The analysis of the difierent IgG-subclasses concentrations show that a 
mixed Ab response was incbiced in the mice, since the levels of all IgG subclasses 

25 tested (IgGl, ^2a, IgG2b) were higher in mice vaccinated widi the adjuvanted Ag 
than in mice uijected with die Ag or the adjuvant alone. 

The nature of diis mixed Ab response after vaccmation widi lipoD-MAGE 3 
in die presence of SBAS2 seems however to depend on die mouse strain, since IgGl 
and IgG2b were predonunandy found in die sera of Balb/c and C57BL/6 mice 

30 r^pecdvely. 
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3. fimnimogeiiidty of lipoimtebi D 1/3 MAGX*3 His + SBAS2 a4fiivaiit 
in Rhesus monkeys 

Three groups of five Rhesus (Macaca Mulatta) animals were selected. RTS,S and 
5 gpl20 were used as positive comrol. 
GrcRips: 

Group 1 right leg: RTS,S/SBAS2 
left leg: GP120/SBAS2 
Group 2 right leg: RTS,S/SB26T 
10 left leg: GP120/SB26T 

Groi9 3 right leg: LipoDl/3 Mage 3 His/SBAS2 

The anunals received vaccine at day 0 and were boosted at day 28, ami 84 
and bled to determine tibeir antibody response to both the MAGE 3 and protein D 
gfwnp nnmt- The vacciues were administered inoannisculariy as a bohis injection 
IS (O.SmI) in die posterior part of the right leg. 

St^ftii blood sanq)les were taken every 14 days. Unheparinized blood 
sanqiles of 3 ml were collected from the finnoral vem. were allowed to clot for at 
least 1 hour and centri&ged at room tenq)erature for 10 minutes at 2S00 rpnu 

Serum was removed, frozen at -20°C and sent for determination of die 
20 andbbdy levds by specific Elisa. 

96well miooplates (maxisorb Nunc) were either coated wtdi 5 ^g of His 
Mage 3 or Protem D overnight a 4*'C. After 1 hour saturation at 3TC widi PBS 
NCS 1%, serial dihidon of die rabbit sera were added for IH 30 at 3TC (starting at 
1/10). afkor 3 washings in PBS Twceo, anti raU>it biotniylated serum (Amctsham 
25 ref RPN 1004 lot 88) was added (1/SOOO). Plates were washed and peroxydase 
coiqile streptavidin (1/5000) was added for 30 minutes at 37^C. After washing, 50 
TMB (BioRad) was added for 7 minutes and the reaction was sterpped widi 
H2S04 0.2M, OD was measured at 450 nm. Mi^uxt dihitions were calculated by 
SofimaxPro. 
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Antibody Ttsponse: 

Small blood sanq[>le$ were taken every 14 days to follow the kinetic of die 
antibody response to Mage 3 by ELISA. The results nidicates that after one 
injection of LPDl/3 Mage 3 His + SBAS2, die Mage 3 specific total Ig titer was 

5 low, a clear boost was seen in 3 out of S animals after a second and a diird injection 
of L4)oDl/3 Mage 3 + adjuvant in the same monkeys. The poor lesponders 
remained negative even after 3 injections. 28 days post n or post m, the antibody 
titers has returned to basal levels. The subclass of these antibodies was determined 
as predominantiy IgG and ix)t IgM. The switch to IgG suggests that a T he^ 

10 response has been triggered . The Protein D specific antibody response, although 
weaker, is exactiy parallel to the Mage 3 antibody response. 

EXAMFLEVI: 

15 

1. XPD-MAGElHis 

In an analogous ftshion * LPD - MAGE 1-His was prepared. The amino 
acid and DNA sequences are depicted in SEQUENCE ID Nos. 3 aiul 4. The 

20 resulting protein was purified in an analogous manner to the LFD-MAGE-3-His 
. protein. Briefly, the cell culture were homogenated azxl treated with 4M guanidine 
HCl and 0.5 M beta ntercaptoedianol in die presence of 0.5% Empigen detergent. 
The product was filtered and the permeate treated widi 0.6 M iodoaoetamide. The 
carboxyamidated fractions was subjected to IMAC (zinc Cl^alate-sepharose FF) 

25 cfaromafiography. The column was first ^{uilbrated and wadied with a sobitipn 
containing 4M guanidine. HCl and sodhmi phosphate QOmM, pH7.S) and 0.5% 
Empigen, then the cohmm was washed widi a solutbn containing 4M urea in 
sodium plK>sphate (20mM, pH7.5) 0.5% Eoopigen buffer. The protein was ehiated 
in the same buffer, but with increasing concentration of Imidazole (20mM, 400mM 

30 and 500 mM). 

The eluate was diluted widi 4M Urea. The Q-sepharose cohmm was 
equilabrated and washed with 4M Urea m 20mM phosphate buffer (pH7.5) in the 
presence of 0.5% Empigen. A second wash was performed in the same buffer, but 
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devoid of the d^ergent. The protein ehiated in tlie same buffer but wMi 
TmtHaToii> (iSQmM, 40QmM, IM). The ehiate was ultra filtered. 

EXAMPLE Vn: 

5 

Constniction of the expresdon plasmid pRm4426 and transf onnatkm of tfie host 
strain AR58 to produce NSl - MA(X -3 Bis: 

Proton dedgn: 

The design of the fusion pcotein NSl.-MAGE-^S-His to be esqiressed m E. 
10 coU is described in figure 12. 

The primary structure of die resulting protein has the sequence set forth in 
ID No. 5. 

The coding sequnce(ID No. 6) corresponding to the above protein design 
was placed imder tiie control of XpL promoter in a E. coli expression plaanid. 

15 

The dotting strategy for the gmeration of NS^MAGE-S-His ftision proteiii: 

The starting material was a cDNA plasmid received from Dr Tierry Boon 
fitom die Ludwig Institute, containing die coding sequence for MA6E-3 gene and 
the vector FMG81, containmg the 81aa of NS, (Non structural protem) coding 
20 region from Tnfhienya, 

The cloning strategy outUncd in figure 13 included the following steps: 

a) PGR anq)lification of die sequences presented in the plasmid cDNAMAGE-3 
using die oligonucleotide sense: 5' gc gcc atg gat ctg gaa cag cgt agt cag cac tgc 
25 aag cct, and the oligonucleotide antisense: S' gcg tct aga tta a% gtg atg gtg a% 
gtgatgaccgccctcttccccctctct caa. 



This amplification leads to the following modifications at the N terminus: 
changing of the first five codons to die E. coli codon usage, replacement of die 
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Pro codoa by an Asp codon at position 1, installation of an Nool site at the S* 
extremity and finally addition of die 2 Giy codons and die 7 His codon followed 
by an Xbal site at the C-tenninus. 

S b) Cloning into die TA cloning vector of invitrogen of the above amplified 
fragment and preparation of the intermediate vector pRm4647 

c) Excision of die Ncol Xbal fragment form plasmid pRm4647 and cloning info 
die vector pRTT PM081 

10 

d) Transformationof die host strain AB58 

e) Selection and characterization of the E. cott strain tiansfotmants containing the 
plasmid pRm4426 (see figure 14) expressing die NSl-MAGE-3*His fiision 

15 protein 

Characterization of the recombinant NSt*MAGE-3-Hls (pRrn442<): 

Bacteria were grown on LB Medium supplemented with SO Mg/ml 
kanamydn at 30 When die culture had reached OD* 0.3 (at 620 mn), heat 

20 induction was achieved by raising the temperature to 42 ^C. 

After 4 hours induction, cells were harvested, resuspended in FEIS and lysed 
(by disintegration) by pressing three times in the French press. After oentrifkigation 
(60 minutes at 100 ,000 g), pellet supemataitt and total Mtract were analyzed by 
SDS-PAGE. Proteins were visualized in Coomassie Bl stained gels where the 

25 fusion protein represented about 1 % of die total E. coli proteins* The reconab i nant 
protein appeared as a single band widi an apparent MW of 44,9 K. The fijsion 
protein was idratified by Western Blot analysis using anti-NS 1 monoclonal. 

EXAMPLE Vm: 

30 

Purification of NSl-MAGE 3-His (E. Coli) for Rabbit/Mioe bnmunizatiion. 

-31- 



CA 02319309 2000-08-03 



WO 99/40188 PCr/EP99/00660 



Purification Sdieme: 

The following purification scheme was used to purify the antigen: 

5 

Lysis of cells + centrifugadoa 
Antigen sohibilisatio& + centrifiigation 
10 NP+-NTA agarose 
Concentration 
Prep cell 

TCA ^ecipitation and PBS sohibilisation 
a. Lysis 

20 Bacterial cells (23g) wm ly sed in 203 ml of a SO mM PO4 pHT buffer by Rannie 
(homogeniser) and Ae lysate was centrifiiged in a JA 20 rotor at 15,000 rpm during 
30 minutes. 

The supernatant was discarded. 

25 b. Antigen sohibilisatioa 

1/3 of tfaepeUet was tesohibilised 0/N at4<'C in 34 mi of 100 mM PO4- 6 M 
GuHCl pH7. Afber centrifu^on in a JA 20 rotor at 15,000 rpm for 30 minutes, 
the pellet was discarded and the supernatant was further purified by IMAC. 

30 c. afiBnity chromatography: NiH-NTA agarose (Qiagen) 

Column volume: 15 ml (16 mm x 7.5 cm) 
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Packing bufiGen 0.1 M PO4- 6 M GuHCl pH7 
Sanq)le buffer ideni 

Washing buffer: 0.1 MPO4-6MGUHCI pH7 
0.1 M P04*6MureapH7 

5 

Ehxdon: imidazol gradieitt(0-->2S0mNf) in 0.1 MPO4 buffer pHTsupplem^^ 
with6Mux€a. 

Row rate: 2 ml/min 

10 

a. Concentcation: 

Antigen positive fractions of the IMAC duate (160 ml) w«re pooled and 
concentrated to S ml hi an Andcon stirred ceU on a Filtnm membrane (type Omega 
15 cut-off 10,000). The purity at dsis stage is about 70% as estonated by SDS-PAGE. 

b. Prq;iarative electrophoresis (Piep Cell Bioiad) 

2.4 ml of the concentrated sanople was boiled m 0.8 ml reducmg sample buffer and 
20 loaded on a 10% acrylamide gel. The antigen was eluted in a Tris-^jlycuse buffer 
pH 8.3 supplemented widi 4% SDS and NS| -MAGE 3 His posidve fractions were 
pooled. 

a. TCA precipitation: 

25 

The antigen was TCA precq)itated and after cemrifugation m a JA 20 rotor at 
15,000 rpm for 20 minutes, die supernatant was discarded. The pellet was 
resohibilised m PBS buffer pH 7.4. 

30 The protem is sohible m TOS after freeze/thaw does not show any degradation when 

stored for 3 hours at 37^ C and has an a^iparent molecuhur weight of ^proximately 

50,000 Daltons as detennimd by SDS (12.5% PAGE). 
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EXAMPLE DC: 



Prqiaration of die E. coli strain esicpressiiig a fiiskm pntdxk CLYTA-MAI^-l-His tail 

S 1. CQiistriictioaoftlieex|H«sionplasnddpRIT14613^ 
the host strain AR58: 

Protein design: 

10 The design of the fusion protein Qyta-Mage-l-His to be expressed in E« coli is 
described in figure IS. 

The primary structure of the resulting protein has the sequence set forth in 
sequence ID No. 7. 

15 

The coding sequrace (see SEQUENCE ED No. 8) cortesponding to the above 
protein design was placed under Oe control of X pL promoter in a E. coli 
expression plasmid. 

20 CScmfav 

The startmg material was the yector PCUZl diat comauis the 117 C-terminal 
codotts of die LytA coding region from Streptococcus pneumoniae and the 
vector pRIT14S18t in which we have previously sobcloned die MAGE-1 gene 
25 cDNA from a plasmid received firom Dr Thierry Boon from the Ludwig 
Institute. 

The clonmg strategy for the exi^ession of CLYTA*Mage-l*His protein (see 
outline m Figure 16) included the following steps: 

30 

2. Preparation ofthe(XYrA-Mage-l«His aiding sequence nuHhi^ 

a) The first step was a PGR amplification, destmed to flank Htc CLYTA 
sequences widi die Ndel-Aflm restrtetion sites. The PGR anplification was 
35 done using the plasnud PCUZlas tenq>latB and as primers die 
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oligODUcleodde sense: S'ttaaaccacaccttaaggaggatataacatatgaaaggg 
ggaattgtaca£tcagac,aixithe ol^onucleotide axitisense: 5' GCC AGA 
CAT GTC CAA TTC TGG CCT GTC TGC GAG. This leads to tbe 
ampitfigflHrm of a 378 nucleotides lopg CLYTA seqimce. 

5 

b) The second step was UnkiiKg of CLYTA sequences to the MAGE-l«His 
sequences, to generate the coding sequence for the ftxsion protein. This st^ 
inchided d&e excision of a Ndel-AfDII Clyta fragment and msertion mto the 
vector piaT14S18 previously opened by Ndel and Ncol (Ncot and AfiOII 

10 conq>atible) restriction enzymes and gave rise to the plasmid pRm4613. 

c) Transfisimation of the host strain ARS8 

d) Selection and characterization of the E. coli transformant (KAN resistant) 
IS containing the plasmid pRm4613. (See figure 16) 

1. Characterization of the recomhimnt protein CLYTA-MAGE-l-His 
(pRm46D): 

20 Bacteria were grown on LB Medium supplepiented with SO ng/rsA kanamycin at 
30 ''C. When the culture had reached 0D» 0.3 (at 620 nm). heat induction was 
achieved by raising the temperature to 38 ^C. 

After 4 hours uKluction, cdls were harvested, resu^eoded in PBS and lysed 
25 (by dismtegration) by one shot . After centriftxgation, pellet supernatant and 
total extract were analyzed by SDS-PAGE. Pioteins were visualized in 
Coomassie Bl stamed gels, where tixe ftision protein represented about 1 % of 
the total E. coli proteins. The recombinant protein appeared as a single band 
with an {parent MW of about 49 kD. The fusion protein was identified by 
30 Western Blot analysis using anti«Mag^-l polyclonal antibodies. 
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Rcc oa st itu don of the ezfiresrion unit composed hy tfie kmg X pL pranoter 
(vkM for NaliAsic add indnctbnO ud the CLTTA^Mbge-l codfaig 
sequence pRm4614): 

S A EcoRI-NCOt lestricticm fragment contauimg the long FL promoter and a part 
of CLYTA sequences was prepared from plasmid pSTT DVA6 and inserted 
between the EcoRI-NCOt sites of plasmid pRIT14613. 

The recombinant plasmid pRIT14614 was obtained. 

10 

The recombinant plasmid pRm4614 (see figure 17) encoding die fusion 
protem CLYTA-Mage-l-His was used to transform E. coii AR120. A Kan 
resistant candidate strain was selected and diaracterized. 

15 Characterizatiop of the recrnnhnmiit protein; 

Bacteria were grown on LB Medium stalemated widi SOmg/ ml kanamycin 
at 30 **C. When die cotture bad readied OD^: 400 (at 620nm) Nalidixic acid 
was added to a final concentration of 60 mg/ ml* 

20 

After 4 hours inducdon, cells were harvested, resnq)ended in PBS and lysed by 
desintegcation (disintegration CLS "one shot" ^pe). After centrifisgation» pellet 
si^^ematant and total extract wm analyzed by SDS-PAGE. Proteins were 
visualized in Coomassie Bleu stained gels, vfben die flision protein represented 
25 about 1 % of die total E. coU proteins. The fiisicm protein was identified by 
Western blot analysis using rabbits and-Mage-1 polyclonal antibodies. The 
recombinant protein qypeared as a single band widi an apparent MW of about 
49 kD. 
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EXAMPLE X: 

CLYT A * MAGE-3-HIS 

A: Tumour rejection recombiaaiic antigen: a fusion protein CLYTA -Mage-3-His 
5 where the C-lyt A fusion paxtcer lead to expression of a sohibteprotein« act as 
affinity tag and provides a usefid T-hdper. 

Pieparation of the E. coli strain expiessiqg a fiision protem CLYTA-Mage-3-His 
tail 

10 

Construction of the expressiraplasmid pRm4646 and transfionnation of the host 
strain AR 120: 

Protein design: 

IS The design of die fusion protein Clyta-Mage-3-His to be expressed in E. coli is 
described in figure 18. 

Tbs primary structure of the resulting protein has the sequCTce described in 
SEQUENCE ID No.9: and the coding sequence in sequence ID No. 10 

20 

The coding sequence corresponding to the above protein design was placed under 
the control of X pL pnmoter m a E. coli ejqnssionplasmid. 

25 Caonbag: 

The starting material was the vector PCUZl that contains die 117 C-terminal 
codons of the LytA coding region from Streptococcus pneumoniae, described in 
Gene 43, (1986) p. 265-272 and the vector pRIT14^» in which we have 
30 previously subcloned die NfAGE-3 gene cDNA from a plasmid received from Dr 
Tierry Boon from the Ludwig Institute* 
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The cloniqg strategy for the expiession of CLYTA-MAGE-3-IGs protein (see 
outtine in Hgixie 19) included tibe followiiig stq^s: 



1- Pireparationof theCLYTA-MAGE-S-HisGodiiigseqiieKenu^ 

5 

1.1. Thefirststep was a PGR an^lification, destined to flank the CX 
sequences with the Aflll and Aflm lestricdon sites . The PGR an^lificadon was 
done usixig the plasmid PCUZlas template and as printers the oligonudeodde 
sense: 5' tta aac cac acc tta agg agg ata taa cat atg aaa ggg gga alt gta cat tea gac , 
10 and die oligonucleodde antisense: S'cccaca^ccagac^tggccaattctggcc^ 
c^ccagtg . This leads to the an^lificadon of a 427 nucleotides longCLYTA 
sequence. The above anqylified fragment was cloned into die TA cloning vector of 
Invitrogen to get the intermediate vector pRm4661 

15 1.2..The second step was linkmg of CLYTA sequences to die MAGE-3-His 
sequences, to generate the coding sequmce for die fiisionprotrai. This step 
inchided the «cision of a Afl n-Afl*ni Gtyta fragment and insertion into die vector 
pRm4426 previously opened by Afl Hand Ncol (Ncol and AflOI coiqiBtible) 
restriction enzymes and gave rise to the plasmid pRIT14662. 

20 

2.-- Reconstttution of the e3q[wt$sion unit composed Iqr fl^ 

(aseftd for Nalidixic add induction) and the CLYT A4^fage-3 coding wptfflff: 

A Bgin - Xbal restriction fragment containing the short pL promoter and the 
25 GLYTA-Mage-3-His coding sequences was prepared from plasmid pRm4€62* and 
inserted between the Bgm - Xbal sites of plasmid TGM67 (a pBR322 derivative 
containing the resistance to ampicillin» and die long X pL promoter, described in the 
intematiooal application PGT/EP92/01827 ). The plasmid pRm4607 was 
obtamed. 

30 The recombhumt plasmid pRm4607 encoding die fosionprotem Cfyta^Mage^S His 

was used to transform E. coii AR 120 (Mott et al. 198S, Proc. Nad. Acad. Sci, 82: 

88). An aapicillin resistant candidate sttain was selected and characterized. 
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3. Preparation of plasmid pRTT 14646: 

Finally a plasmid similar to pRTT 14607 but having die Kanan^cin selectioa was 
constructed (pRm4646) 

5 

Charactmzation of the recombinant protein: 

Bacteria were grown on LB Medium supplemented widi SOmg/ ml kanamycin at 
10 30**C. When die culture had reached 0D» 400 (at 600nm) Nalidixic acid was added 
to a final concentradon of 60?g/ ml. 

After 4 houn induction , cells were harvested, resuspended in FBS and lysed by 
desintegration (desintegration CLS "one shot" type). Afkcr cemrifiugation, pellet 
sq)ematant and total extract were analyzed by SDS-PAGE. Proteins were 
IS visualized in Coomassie Bleu stained gels» where die fusion protein represented 
about 1% of the total E. coli proteins. The fusion protein was identified by Western 
blot analysis usfaig rabbits anti-Mage-3 potyclonal antibodies • The recombmant 
protein appeared as a single band widi an appareiit MW of about S8 kD« 

20 EXAMPLE XL 

Purification of the recombinant protein CLYTA-Mage-3 Hbs: 

The recombinant bacteria AR120 ^STT 14646) were grown in a 20 Litters 

25 fieroentor under fied-batch conditions at 30^. The expression of the recombinant 

protem was mduced by adding Nalidixic acid at a final concentration of 60 ?g/ml. 

Cells were harvested at die end of fisrmentationand and lyzed at 60 OD/600 by two 

passages through a French Press disrupter QO 000 psi). Lysed cells were pelleted 

20 min at 15 000 g at 4 ""C* Supernatant containing die recombinant protein was 

30 loaded onto exchai^ DEAE Sepharose CL6B tesin (Pharmacia) pre-equilibrated m 

0.3M NaCl, 20 mM Tris HQ pH 7.6 BufGer A. After a column wash with buffer 

A, fusion protein was eluted by 2 % choline in (Bufifer A). Positive antigen 
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fractions, as revealed by Western blotting analysis osing an and Mage-3 antiboity. 
were pooled. DEAE^luted antigen was brought to 0.5 % Enqtigen SB (a 
zwitieiionic detetgent) and to 0.5 M NaQ before loading onn> an Ion Metal AfGbm^ 
chromatograpby cohmm pieequilibrated in 0.5 % Empigen BB, 0.5 M NaQ, 50 

5 mMpfaos^iatB buffer pH 7.6 (Buffer B). 

IMAC cohmm was washed with buffer B until 280 nm absorbency leacbed the base 
line. A second wash in buffer B without Empigen BB (Buffer O in order to 
eliminate the detergem was executed before Antigen ehition by an Imidazole 
gradient 0-2S0mM Imidazole in buffer C. 

10 ' 0.090-0.250 M Imidazole fractions were pooled, coaeentrated on a 10 Id}a Filtton 
omega membrane before (Ualysis versus PBS buffer. 



CONCLUSION: 

15 

We have demonstrated that die fused protein LPD-MAGE3-His is 
fanmunogenic in tnace, and flat this immunogenieiQr (the proliferative response and 
antihndy respoose) can be fordier increased by the use of ttae adjuvant descrfted 
above. Purification can be enhanced by derivatising the thiols that form disulpliide 

20 brads. 

We have also demonstrated that a betta antibody response was triggered by 
die vaccination with die LPD-MAGE-3-His in the presence of the adjuvant. The 
predominant isotype found in die serum of C57BU6 being IgG2b suggesting that a 
THl type ttwimine response was raised. 
25 In die human, clinical setting a patiem treated with LPD-MAGES-His in an 

unadjuvanted fotmuladon was cleared of melamma. 
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SEQOENCE LISriHG 
(1) GENERAL INFOBMATIOM 
5 (i) APPLICANT: Smithiaine Beecham Biologicals 

(ii) TITLE OF THE INVENTION: Vaccine 

10 (ill) NOMBER OF SEQOENCES: 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SmithKIine Beecham 

(B) STREET: 2 Hew Horizons Court/ Great Vest Road, B 
IS {C) CITY: Middx 

(D) STATE: 

(E) COONTRT: UK 

(F) ZIP: TW8 SEP 

20 (v) COMPOTER READABLE FORM: 

(A) MEDIOM TYPE: Diskette 

(B) COMPOTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2.0 

25 



30 



35 



(vi) CDRRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

{▼ii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Dalton, Marcus J 

(B) REGISTRATION NOMBER: 

40 (C) REFERENCE/DOCKET NUMBER: B45126 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 0181 9756348 

(B) TELEFAX: 0181 9756177 
45 (C) TELEX: 



(2) INFORMATION FOR SEQ ID N0:1: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 452 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

55 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

60 Met Asp Pro Lys Thr Leu Ala Leu Ser Leu Leu Ala Ala Gly Val Leu 
15 10 15 

Ala Gly Cys Ser Ser His Ser Ser Asn Met Ala Asn Thr Gin Met Lys 

20 25 30 

Ser Asp Lys 116 He He Ala His Arg Gly Ala Ser Gly Tyr Leu Pro 
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35 40 45 

Glu His Thr Leu Glu Ser Lys Ala Leu Ala Phe Ala Gin Gin Ala Asp 

Tvr jIm Glu Gin Asp Leu Ala Met Thr Lys Asp Gly Arg Leu Val Val 
65 70 75 80 

lie His Asp His Phe Leu Asp Gly Leu Thr Asp Val Ala Lys Lys Phe 

Pro His Arg His Arg Lys Asp Gly Arg Tyr Tyr Val He Asp Phe Thr 

100 110 
Leu Lvs Glu He Gin Ser Leu Glu Met Thr Glu Asn Phe Glu Thr Met 

^ 120 125 

His Cys Lys Pro Glu Glu 
140 

Leu Val Gly Ala Gin Ala 

145 13U 155 -WW 

Glu Glu Gin Glu Ala Ala Ser Ser Ser Ser Thr Leu Val Glu Val Thr 
165 170 175 



115 x^y 

Aso Leu Glu Gin Arg Ser Gin His Cys Lys Pro Glu Glu Gly Leu Glu 

130 135 140 

Ala Arg Gly Glu Ala Leu Gly Leu Val Gly Ala Gin Ala Pro Ala Thr 

15 145 150 155 loO 



Leu Gly Glu Val Pro Ala Ala Glu Ser Pro Asp Pro Pro Gin Ser Pro 
180 IflS 190 

20 Gin Gly Ala Ser Ser Leu Pro Thr Thr Met Asn Tyr Pro Leu Trp Ser 
^ « y 200 205 

Gin Ser Tyr Glu Asp Ser Ser Asn Gin Glu Glu Glu Gly Pro Ser Thr 

210 215 220 

Phe Pro Asp Leu Glu Ser Glu Phe Gin Ala Ala Leu Ser Arg Lys Val 
25 225 230 235 

Ala Glu Leu Val His Phe Leu Leu Leu Lys Tyr Arg Ala Arg Glu Pro 

245 . 250 255 

Val Thr Lys Ala Glu Het Leu Gly Ser Val Val Gly Asn Trp Gin Tyr 
260 265 270 

30 Phe Phe Pro Val He Phe Ser Lys Ala Ser Ser Ser Leu Gin Leu Val 
275 280 285 

Phe Gly He Glu Leu Het Glu Val Asp Pro He Gly His Leu Tyr He 

290 295 300 

Phe Ala Thr Cys Leu Gly Leu Ser Tyr Asp Gly Leu Leu Gly Asp Asn 
^1 n 315 J*v 



35 305 



Gin He Met Pro Lys Ala Gly Leu Leu He He Val Leu Ala He He 

--i? 330 



325 J'^v 

Ala Arg Glu Gly Asp Cys Ala Pro Glu Glu Lys He Trp Glu Glu Leu 



340 — " 
Ser val Leu Glu Val Phe Glu Gly Arg Glu Asp Ser lie Leu Gly Asp 

-'K«n 365 



345 350 



355 360 365 

Lys 

Gin 

Arg 

Lys 

Glu Trp Val Leu Arg Glu Gly Glu Glu Thr Ser Gly Gly His His His 

435 440 445 

His His His 
450 



355 Ml 
Pro LVS Lys Leu Leu Thr Gin His Phe Val Gin Glu Asn Tyr Leu Glu 
' 375 380 

Gly 
390 
Val 

405 — 
Met Val Lys He Ser Gly Gly Pro His He Ser Tyr Pro Pro Leu His 

A*%n 430 



Tyr rag Gin Val Pro Gly Ser Asp Pro Ala Cys Tyr Glu Phe Leu Trp 

585 390 395 

Gly Pro Arg Ala Leu Val Glu Thr Ser Tyr Val Lys Val Leu His His 

j/\e 410 413 



45 385 390 395 

Pro Arg Ala Leu Val Glu Thr 
405 

lie Ser Gly Gly Pro . 

420 425 430 

50 



55 (2) INFORMATION FOR SEQ ID M0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1353 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQOEKCE DESCRIPTIOH: SEQ ID KfO:2: 

ATGGATCCAA AAACTTTAGC CCTTTCTTTA TTAGCAGCTG GCGTACTAGC AGGTTGTAGC 60 

AGCCATTCAT CAAATATGGC GAATACCCAA ATGJVAATCAG ACAAAATCAT TAT TGCT CAC 120 

5 CGTGGTGCTA GCGGTTATTT ACCAGAGCAT ACGTTAGAAT CTAAAGCACT TGCGTTTGCA 180 

CAACAG6CTG ATTATTTAGA GCAA6ATTTA GCAATGACTA AGGATGGTCG TTTAGTGGTT 240 

ATTCACGATC ACTTTTTAGA TGGCTTGACT GATGTTGCGA AAAAATTCCC ACATCGTCAT- 300 

CGTAAAGATG GCCGTTACTA TGTCATCGAC TTTACCTTAA AAGAAATTCA AAGTTTAGAA 360 

ATGACAGAAA ACTTTGAAAC CATGGATCTG GAACAGCGTA GTCAGCACTG CAAGCCTGAA 420 

10 GAAGGCCTTG AGGCCCGAGG AGAGGCCCTG GGCCTGGTGG GTGCGCAGGC TCCTGCTACT 480 

GAGGAGCAGG AGGCTGCCTC CTCCTCTTCT ACTCTAGTTG AAGTCACCCT GGGGGAGGTG 540 

CCTGCTGCCG AGTCACCAGA TCCTCCCCAG AGTCCTCAGG GAGCCTCCAG CCTCCCCACT 600 

ACCATGAACT ACCCTCTCTG GAGCCAATCC TATGAGGACT CCAGCAACCA AGAA6AGGAG 660 

GGGCCAAGCA CCTTCCCTGA CCTGGAGTCC GAGTTCCAAG CAGCACTCAG TAGGAAGGTG 720 

15 GCCGAATTGG TTCATTTTCT GCTCCTCAAG TATCGAGCCA GGGAGCCGGT CACAAAGGCA 780 

GAAATGCTGG GGAGTGTCGT CGGAAATTGG CAGTATTTCT TTCCTGTGAT CTTCAGCAAA 840 

GCTTCCAGTT CCTTSCAGCT GGTCTTTGGC ATCGAGCTGA TGGAAGTGGA CCCCATCGGC 900 

CACTTGTACA TCTTtGCCAC CTGCCTGGGC CTCTCCTACG ATGGCCTGCT GGGT6ACAAT 960 

CAGATCATGC CCAAGGCAGG CCTCCTGATA ATC6TCCTGG CCATAATCGC AAGAGAG6GC 1020 

20 GACTGTGCCC CTGAGGAGAA AATCTGGGAG GAGCTGAGTG TGTTAGAGGT GTTTGAGGGG 1080 

AGGGAAGACA GTATCTTGGG GGATCCCAAG AAGCTGCTCA CCCAACATTT CGTGCAGGAA 1140 

AACTACCTGG AGTACCGGCA GGTCCCCGGC AGTGATCCTG CATGTTATGA ATTCCTGTGG 1200 

GGTCCAAGGG CCCTCGTTGA AACCAGCTAT GTGAAAGTCC TGCACCATAT GGTAAAGATC 1260 

AGTGGAGGAC CTCACATTTC CTACCGACCC CTGCATGAGT GGGTTTTGAG AGAGGGGGAA 1320 

25 GAGGGCGGTC ATCACCATCA CCATCACCAT TAA 1353 

(2) INFORMATION FOR SEQ ID NO; 3: 

(i) SEQUENCE CHARACTERISTICS^ 
30 (A) LENGTH: 1341 base pairs 

(B) TYPE: nucleic acid 

(C) STBANDEDNESS: single 

(D) TOPOLOGY t linear 

35 (ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:3: 

ATGGATCCAA AAACTTTAGC CCTTTCTTTA TTAGCAGCTG GCGTACTAGC AGGTTGTAGC 60 

40 AGCCATTCAT CAAATATGGC GAATACCCAA ATGAAATCAG ACAAAATCAT TAT TGCT CAC 120 

CGTGGTGCTA GCGGTTATTT ACCAGAGCAT ACGTTAGAAT CTAAAGCACT TGCGTTTGCA 180 

CAACAGGCTG ATTATTTAGA GCAAGATTTA GCAATGACTA AGGATGGTCG TTTAGTGGTT 240 

ATTCACGATC ACTTTTTAGA TGGCTTGACT GATGTTGCGA AAAAATTCCC ACATCGTCAT 300 

CGTAAAGATG GCCGTTACTA TGTCATCGAC TTTACCTTAA AAGAAATTCA AAGTTTAGAA 360 

45 ATGACAGAAA ACTTTGAAAC CATGGGCTCT CTGGAACAGC GTAGTCTGCA CTGCAAGCCT 420 

GAGGAAGCCC TTGAGGCCCA ACAAGAGGCC CTGGGCCTGG TGTGTGTGCA GGCTGCCACC 480 

TCCTCCTCCT CTCCTCTGGT QCTGGGCACC CTGGAGGAfiG TGCCCACTGC TGGGTCAACA 540 

GATCCTCCCC AGAGTCCTCA GGGAGCCTCC GCCTTTCCCA CTACCATCAA CTTCACTCGA 600 

CAGAGGCAAC CCAGTGAGGG TTCCAGCAGC CGTGAAGAGG AGGGGCCAAG CACCTCTTGT 660 

50 ATCCTGGAGT CCTTGTTCCG AGCAGTAATC ACTAAGAAGG TGGCTGATTT GGTTGGTTTT 720 

CTGCTCCTCA AATATCGAGC CAGGGAGCCA GTCACAAAGG CAGAAATGCT GGAGAGTGTC 780 

ATCAAAAATT ACAAGCACTG TTTTCCTGAG ATCTTCGGCA AAGCCTCTGA GTCCTTGCAG 840 

CTGGTCTTTG GCATTGACGT GAAGGAAGCA GACCCCACCG GCCACTCCTA TGTCCTTGTC 900 

ACCTGCCTAG GTCTCTCCTA TGATGGCCTG CTGGGTGATA ATCAGATCAT GCCCAAGACA 960 

55 GGCTTCCTGA TAATTGTCCT GGTCATGATT GCAATGGAGG GCGGCCATGC TCCTGAGGAG 1020 

GAAATCTGGG AGGAGCTGAG TGTGATGGAG GTGTATGATG GGAGGGAGCA CAGTGCCTAT 1080 

GGGGAGCCCA GGAAGCTGCT CACCCAAGAT TTG6TGCAGG AAAAGTACCT GGAGTACCGG 1140 

CAGGTGCCGG ACAGTGATCC CGCACGCTAT GAGTTCCTGT GGGGTCCAAG GGCCCTCGCT 1200 

GAAACCAGCT AT6TGAAAGT CCTT6AGTAT GTGATCAAGG TCAGTGCAAG AGTTCGCTTT 1260 

60 TTCTTCCCAT CCCTGCGTGA AGCAGCTTTG AGAGAGGAGG AAGAGGGAGT CGGCGGTCAT 1320 
CACCATCACC ATCACCATTA A .1341 

(2) INFORMATION FOR SEQ ID NO: 4: 
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(i) SEQOENCE CBAAACTERIStlCS : 

(A) LENGTH: 466 amino acids 

(B) TYPE: amino acid 

(C) STRAMDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4; 



Met Asp Pro Lys Thr Leu Ala Leu Ser Leu Leu Ala Ala Gly Val Leu 

15 10 15 

Ala Gly Cys Ser Ser His Ser Ser Asn Met Ala Asn Thr Gin Met Lys 
20 25 30 

15 Ser Asp Lys He He He Ala His Arg Gly Ala Ser Gly Tyr Leu Pro 
35 40 45 

Glu His Thr Leu Glu Ser Lys Ala Leu Ala Phe Ala Gin Gin Ala Asp 

50 55 60 

Tyr Leu Glu Gin Asp Leu Ala Met Thr Lys Asp Gly Arg Leu Val Val 
20 65 70 75 80 

He His Asp His Phe Lou Asp Gly Leu Thr Asp Val Ala Lys Lys Phe 

85 90 95 

Pro His Arg His Arg Lys Asp Gly Arg Tyr Tyr Val He Asp Phe Thr 
100 105 110 

25 Leu Lys Glu He Gin Ser Leu Glu Met Thr Glu Asn Phe Glu Thr Met 
115 120 125 

Gly Ser Leu Glu Gin Arg Ser Leu His Cys Lys Pro Glu Glu Ala Leu 

130 135 140 

Glu Ala Gin Gin Glu Ala Leu Gly Leu Val Cys Val Gin Ala Ala Thr 
30 145 ISO 155 160 

Ser Ser Ser Ser Pro Leu Val Leu Gly Thr Leu Glu Glu Val Pro Thr 

165 170 17S 

Ala Gly Ser Thr Asp Pro Pro Gin Ser Pro Gin Gly Ala Ser Ala Phe 
180 185 190 

35 Pro Thr Thr He Asn Phe Thr Arg Gin Arg Gin Pro Ser Glu Gly Ser 
195 200 205 

Ser Ser Arg Glu Glu Glu Gly Pro Ser Thr Ser Cys He Leu Glu Ser 

210 215 220 

Leu Phe Arg Ala Val He Thr Lys Lys Val Ala Asp Leu Val Gly Phe 
40 225 230 235 240 

Leu Leu Leu Lys Tyr Arg Ala Arg Glu Pro Val Thr Lys Ala Glu Met 

245 250 255 

Leu Glu Ser Val He Lys Asn Tyr Lys His Cys Phe Pro Glu Ho Phe 
260 265 270 

45 Gly Lys Ala Ser Glu Ser Leu Gin Leu Val Phe Gly He Asp Val Lys 
275 230 285 

Glu Ala Asp Pro Thr Gly His Ser Tyr Val Leu Val Thr Cys Leu Gly 

290 295 300 

Leu Ser Tyr Asp Gly Lou Leu Gly Asp Asn Gin He Met Pro Lys Thr 
50 305 310 315 320 

Gly Phe Leu He He Val Leu Val Met He Ala Met Glu Gly Gly His 

325 330 335 

Ala Pro Glu Glu Glu Ho Trp Glu Glu Leu Ser Val Met Glu Val Tyr 
340 345 350 

55 Asp Gly Arg Glu His Ser Ala Tyr Gly Glu Pro Arg Lys Leu Leu Thr 
355 360 365 

Gin Asp Leu Val Gin Glu Lys Tyr Leu Glu Tyr Arg Gin Val Pro Asp 

370 375 380 

Ser Asp Pro Ala Arg Tyr Glu Phe Leu Trp Gly Pro Arg Ala Leu Ala 
60 385 390 395 400 

Glu Thr Ser Tyr Val Lys Val Leu Glu Tyr Val He Lys Val Ser Ala 

405 410 415 

Arg Val Arg Phe Phe Phe Pro Ser Leu Arg Glu Ala Ala Leu Arg Glu 
420 425 430 
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Glu Glu Glu Gly Val Gly Gly His flis His His His His His 
435 440 445 

^ (2) INE10BHATI0N FOR SEQ ID NO: 5: 

(i) SEQUEHCE CHARACTERISTICS: 

(A) LENGTH: 404 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: single 
10 (0) TOPOLOGY: linear 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 





(ii) MOLECULE 


TYPE: protein 










(xi) SEQOENCE 


DESCRIPTION 


: SEQ ID MO: 5: 




Met 


Asp 


Pro 


Asn 


Thr 


Val 


Ser 


Ser 


Phe 


Gin Val 


Asp Cys Phe 


Leu Trp 


1 








5 










10 




15 




Val 


Arg 


Lys 


Arg 


Val 


Ala 


Asp 


Gin 


Glu Leu 


Gly Asp Ala 


Pro Phe 








20 










25 




30 




T.Alt 


Asp 


Arg 


Leu 


Arg 


Arg 


Asp 


Gin 


Lys 


Ser Leu 


Arg Gly Arg 


Gly Ser 






35 










40 






45 


Thr 


Leu 


Gly 


Leu 


Asp 


He 


Glu 


Thr 


Ala 


Thr Arg 


Ala Gly Lys 


Gin He 




50 










55 








60 






Glu 


Arg 


He 


Leu 


Lys 


Glu 


Glu 


Ser 


Asp Glu 


Ala Leu Lys 


Met Thr 


65 










70 








75 


80 


no^ 


Asp 


Leu 


Glu 


Gin 


Arg 


Ser 


Gin 


His 


Cys Lys 


Pro Glu Glu 


Gly Leu 










85 










90 








Ala 


Arg 


Gly 


Glu 


Ala 


Leu 


Gly 


Leu 


Val Gly 


Ala Gin Ala 


Pro Ala 








100 










105 




110 






Glu 


Glu 


Gin 


Glu 


Ala 


Ala 


Ser 


Ser 


Ser Ser 


Thr Leu Val 


Glu Val 






115 










120 






125 






Leu 


Gly 


Glu 


Val 


Pro 


Ala 


Ala 


Glu 


Ser Pro 


Asp Pro Pro 


Gin Ser 




130 










135 








140 




Pro 


Gin 


Gly 


Ala 


Ser 


Ser 


Leu 


Pro 


Thr 


Thr Met 


Asn Tyr Pro 


Leu Trp 


145 










150 








155 


1 cn 




Gin 


Ser 


Tyr 


Glu 


Asp 


Ser 


Ser 


Asn 


Gin Glu 


Glu Glu Gly 


Pro Ser 










165 










170 


1/3 




Phe 


Pro 


Asp 


Leu 


Glu 


Ser 


Glu 


Phe 


Gin Ala 


Ala Leu Ser 


Arg Lys 








180 










185 




190 




Ala 


Glu 


Leu 


Val 


His 


Phe 


Leu 


Leu 


Leu Lys 


Tyr Arg Ala 


Arg Glu 






195 










200 






205 


Pro 


Val 


Thr 


Lys 


Ala 


Glu 


Met 


Leu 


Gly 


Ser Val 


Val Gly Asn 


Trp Gin 




210 










215 








220 


Tyr 


Phe 


Phe 


Pro 


Val 


He 


Phe 


Ser 


Lys 


Ala Ser 


Ser Ser Leu 


Gin Leu 


225 










230 








235 




240 


Val 


Phe 


Gly 


He 


Glu 


Leu 


Met 


Glu 


Val 


Asp Pro 


He Gly His 


Leu Tyr 










245 










250 


255 


lie 


Phe 


Ala 


Thr 


Cys 


Leu 


Gly 


Leu 


Ser 


Tyr Asp 


Gly Leu Leu 


Gly Asp 








260 










265 




270 


Asn 


Gin 


He 


Met 


Pro 


Lys 


Ala 


Gly 


Leu 


Leu He 


He Val Leu 


Ala He 






275 










280 






285 




lie 


Ala 


Arg 


Glu 


Gly 


Asp 


Cys 


Ala 


Pro 


Glu Glu 


Lys He Trp 


Glu Glu 




290 










295 








300 




Leu 


Ser 


Val 


Leu 


Glu 


Val 


Phe 


Glu 


Gly 


Arg Glu 


Asp Ser He 


Leu Gly 


305 










310 








315 


320 


Asp 


Pro 


Lys 


Lys 


Leu 


Leu 


Thr 


Gin 


His 


Phe Val 


Gin Glu Asn 


Tyr Leu 










325 










330 




335 


Glu 


Tyr 


Arg 


Gin 


Val 


Pro 


Gly 


Ser 


Asp 


Pro Ala 


Cys Tyr Glu 


Phe Leu 








340 










345 




350 




Trp 


Gly 


Pro 


Arg 


Ala 


Leu 


Val 


Glu 


Thr 


Ser Tyr 


Val Lys Val 


Leu His 






355 










360 






365 




His 


Met 


Val 


Lys 


He 


Ser 


Gly 


Gly 


Pro 


His He 


Ser Tyr Pro 


Pro Leu 




370 










375 








380 




His 


Glu 


Trp 


Val 


Leu 


Arg 


Glu 


Gly 


Glu 


Glu Gly 


Gly His His 


His His 
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385 390 395 400 

His His His 

5 (2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1212 base pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

15 (xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 6: 

ATGGATCCAA ACACTGTGTC AAGCTTTCAG GTAGATTGCT TTCTTTGGCA TGTCCGCAAA 60 

CGAGTTGCAG ACCAAGAACT AGGTGATGCC CCATTCCTTG ATCGGCTTCG CCGAGATCAG 120 

AAATCCCTAA GAGGAAGGG6 CAGCACTCtT GGTCTGGACA TCGAGACAGC CACACGTGCT 180 

'^'^ GGAAAGCAGA TAGTGGA6CG GATTCTGAAA GAAGAATCCG ATGAGGCACT TAAAATGACC 240 

ATGGATCTGG AACAGCGTAG TCAGCACTGC AAGCCTGAAG AAGGCCTTGA GGCCCGAGGA 300 

GAGGCCCTGG GCCTGGTGGG TGCGCAGGCT CCTGCTACTG AGGAGCAGGA GGCTGCCTCC 360 

TCCTCTTCTA CTCTAGTTGA AGTCACCCTG GGGGAGGTGC CTGCTGCCGA GTCACCAGAT 420 

CCTCCCCAGA GTCCTCAGGG AGCCTCCAGC CTCCCCACTA CCATGAACTA CCCTCTCTGG 480 

25 AGCGAAT^GT- JtTGAGGACT^ ^AGCAACCAA^GAAGASGAGa GGCCAAGa^ CTTGCGTGTC 540 

CTGGAGTCCG AGTTCCAAGC AGCACTCAGT AGGAAGGTGG CCGAATTGGT TCATTTTCTG 600 

CTCCTCAAGT ATCGAGCCAG GGAGCCGGTC ACAAA6GCAG AAATGCTGGG GAGTGTCGTC 660 

GGAAATTGGC'AGTATTTCTT TCCTGTGATC TTCAGCAAAG CTTCCAGTTC CTTGCAGCTG 720 

GTCTTTGGCA TCGAGCTGAT GGAAGTGGAC CCCATCGGCC ACTTGTACAT CTTTGCCACC 780 

30 TGCCTGGGCC TCTCCTACGA TGGCCTGCTG GGTCACAATC AGATCATGCG CAAGGCAGGC 840 

CTCCTGATAA TC6TCCTGGC CATAATCGCA AGAGAGGGCG ACTGTGCCCC TGAGGAGAAA 900 

ATCTGGGAGG AGCTGAGTGT GTTAGAGGT6 TTTGAGGGGA GGGAAGACAG TATCTTGGGG 960 

GATCCCAAGA AGCTGCTCAC CCAACATTTC GTGCAGGAAA ACTACCTGGA 6TACC6GCAG 1020 

GTCCCCGGCA GTGATCCTGC ATGTTATGAA TTCCTGTGGG GTCCAAGG6C CCTCGTTGAA 1080 

35 ACCAGCTATG TGAAAGTCCT GCACCATATG GTAAAGATCA GTGGAGGACC TCACATTTCC 1140 

TACCCACCCC TGCATGAGTG GGTTTTGAGA GAGGGGGAAG AGGGCGGTCA TCACCATCAC 1200 

CATCACCATT AA 1212 



40 



55 



60 



(2) INFORMATION FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 445 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNE5S: single 
45 (D) TOPOLOGY: linear 



50 





(ii) MOLECULE 


TYPE: protein 








(xi) SEQUENCE 


DESCRIPTION: SEQ 10 


N0:7: 


Met 


Lys Gly Gly lie 


Val 


His Ser Asp 


Gly 


Ser Tyr Pro Lys Asp Lys 


1 


5 






10 


15 


Phe 


Glu Lys lie Asn 


Gly 


Thr Trp Tyr 


Tyr 


Phe Asp Ser Ser Gly Tyr 




20 


25 




30 


Met 


Leu Ala Asp Arg 


Trp 


Arg Lys His 


Thr 


Asp Gly Asn Trp Tyr Trp 




35 


40 




45 


Phe 


Asp Asn Ser Gly 


Glu 


Met Ala Thr 


Gly 


Trp Lys Lys He Ala Asp 




50 




55 




60 


Lys 


Trp Tyr Tyr Phe 


Asn 


Glu Glu Gly 


Ala 


Met Lys Thr Gly Trp Val 


65 


70 


Tyr Tyr Lieu 




75 80 


Lys 


Tyr Lys Asp Thr 


Trp 


Asp 


Ala Lys Glu Gly Ala Met 


85 






90 


95 


Val 


Ser Asn Ala Phe 


lie 


Gin Ser Ala 


Asp 


Gly Thr Gly Trp Tyr Tyr 




100 




105 




110 
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Leu Lys Pro Asp Gly Thr Leu Ala Asp Arg Pro Glu Leu Asp Met 61y 

115 120 125 

Ser Leu Glu Gin Arg Ser Leu His Cys Lys Pro Glu Glu Ala Leu Glu 
130 135 140 

5 Ala Gin Gin Glu Ala Leu Gly Leu Val Cys Val Gin Ala Ala Thr Ser 
145 150 155 160 

Ser Ser Ser Pro Leu Val Leu Gly Thr Leu Glu Glu Val Pro Thr Ala 

165 170 175 

Gly Ser Thr Asp Pro Pro Gin Ser Pro Gin Gly Ala Ser Ala Phe Pro 
10 180 185 190 

Thr Thr lie Asn Phe Thr Arg Gin Arg Gin Pro Ser Glu Gly Ser Ser 

195 200 205 

Ser Arg Glu Glu Glu Gly Pro Ser Thr Ser Cys lie Leu Glu Ser Leu 
210 215 220 

15 Phe Arg Ala Val lie Thr Lys Lys Val Ala Asp Leu Val Gly Phe Leu 
225 230 235 240 

Leu Leu Lys Tyr Arg Ala Arg Glu Pro Val Thr Lys Ala Glu Met Leu 

245 250 255 

Glu Ser Val lie Lys Asn Tyr Lys His Cys Phe Pro Glu He Phe Gly 
7^ 260 265 270 

Lys Ala Ser Glu Ser Leu Gin Leu Val Phe Gly lie Asp Val Lys Glu 

275 280 285 

Ala Asp Pro Thr Gly His Ser Tyr Val Leu Val Thr Cys Leu Gly Leu 
290 295 300 

25 Ser Tyr Asp Gly Leu Leu Gly Asp Asn Gin He Met Pro Lys Thr Gly 
305 310 315 320 

Phe Leu He He Val Leu Val Met He Ala Met Glu Gly Gly His Ala 

325 330 335 

Pro Glu Glu Glu He Trp Glu Glu Leu Ser Val Met Glu Val Tyr Asp 
30 340 345 350 

Gly Arg Glu His Ser Ala Tyr Gly Glu Pro Arg Lys Leu Leu Thr Gin 

355 360 365 

Asp Leu Val Gin Glu Lys Tyr Leu Glu Tyr Arg Gin Val Pro Asp Ser 
370 375 380 

35 Asp Pro Ala Arg Tyr Glu Phe Leu Trp Gly Pro Arg Ala Leu Ala Glu 
385 390 395 400 

Thr Ser Tyr Val Lys Val Leu Glu Tyr Val He Lys Val Ser Ala Arg 

405 410 41S 

Val Arg Phe Phe Phe Pro Ser Leu Arg Glu Ala Ala Leu Arg Glu Glu 
40 420 425 430 

Glu Glu Gly Val Gly Gly Bis His His His His His His 
435 440 445 



45 



55 



(2) IMFOBMATIOH FOR SEQ ID NO: 8: 



(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 1338 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMOEONESS : single 
50 (D) TOPOLOGY: linear 



(ii) MOLECOLE TYPE: cONA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 



ATGAAAGGGG GAATTGTACA TTCAGACGGC TCTTATCCAA AAGACAAGTT TGAGAAAATC 60 

AATGGCACTT GGTACTACTT TGACAGTTCA GGCTATATGC TTGCA6ACCG CTGGAGGAAG 120 

CACACAGACG GCAACTGGTA CTG6TTCGAC AACTCAGGCG AAATGGCTAC AGGCTGGAAG 180 

AAAATCGCTG ATAAGTGGTA CTATTTCAAC GAAGAAGGTG CCATGAAGAC AGGCTGGGTC 240 

60 AAGTACAAGG ACACTTGGTA CTACTTAGAC GCTAAAGAAG GCGCCATGGT ATCAAATGCC 300 

TTTATCCAGT CAGCGGACGG AACAGGCTGG TACTACCTCA AACCAGACGG AACACTGGCA 360 

GACAGGCCAG AATTGGACAT GGGCTCTCTG GAACAGCGTA GTCTGCACTG CAAGCCTGAG 420 

GAAGCCCTTG AGGCCCAACA AGAGGCCCTG GGCCTGGTGT GTGTGCAGGC TGCCACCTCC 480 

TCCTCCTCTC CTCTGGTCCT GGGCACCCTG GAGGAGGTGC CCACTGCTGG GTCAACAGAT 540 
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CCTCCCCA6& GTCCTCAGG6 AGCCTCCGCC TTtCCCACTA CCAtCAACTT CACTCGACAG 600 

AGGCAACCOl GTGAGGGTTC CAfiCAGCCGT GAA6AGGAG6 G6CCAAGCAC CTCTTGTATC 660 

CTGGACTCCT TGTTCCGAGC AGTAATCACT AAGAAGGTGG CTGATTTGGT TGGTTTTCTG 720 

CTCCTCAAAT ATCGAGCCAG GGAGCCA6TC ACAAA6GCAG AAATGCTGGA GA6TGTCATC 780 

5 AAAAATTACA AGCACT6TTT TCCTGA5ATC TTCGGCAAA6 CCTCTGAGTC CTTGCAGCTG 840 

GTCTTTGGCA TTGAC6TGAA GGAA6CA6AC CCCACC66CC ACTCCTATGT CCTTGTCACC 900 

TGCCTAGGTC TCTCCTATGA TGGCCTGCT6 GGTGATAATC AGATCATGCC CAAGACAGGC 960 

TTCCTGATAA TTGTCC7GGT CATGATTGCA ATGGAGGGCG GCCATGCTCC TGAGGAGGAA 1020 

ATCTGGGAGG A6CTGAGTGT GATGGAGGTG TATGAT66GA GGGAGCACAG TGCCTATGGG 1080 

10 GAGCCCAGGA AGCTGCTCAC CCAAGATTTG GTGCAGGAAA AGTACCTGGA GTACCGGCAG 1140 

GTGCCGGACA GIGATCCXTGC ACGCTATGAG TTCCTGTGGG GTCCAAGGGC CCTCGCTGAA 1200 

ACCAGCTATG TGAAAGTCCT TGAGTATGTG ATCAAGGTCA GTGCAAGA6T TCGCTTTTTC 1260 

TTCCCATCCC TGCGTGAAGC AGCTTTGAGA GAGGAGGAAG AGGGAGTC6G CGGTCATCAC 1320 

CATCACCATC ACCATTAA 1338 



15 



25 



30 



35 



40 



45 



50 



55 



60 



(2) INEORM^VTIOK FOK SEQ ID HO: 9: 

(i) SEQDEHCE CHARACTERISTICS: 

(A) LENGTH: 454 amino acids 

(B) TYPE: anino acid 

(C) STRAMDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 9: 



Met Lys Gly Gly He 


Val 


His 


Ser Asp 


Gly 


Ser 


Tyr Pro Lys Asp Lys 


1 


5 








10 




15 


Phe Glu Lys He Asn 


Gly 


Thr 


Trp Tyr 


Tyr 


Phe 


Asp Ser Ser Gly Tyr 


20 






25 






30 


Met Leu Ala Asp Arg 


Trp 


Arg 


Lys His 


Thr 


Asp 


Gly Asn Trp Tyr Trp 


35 






40 






45 


Phe Asp Asn Ser ^ly 


Glu 


Met 


Ala Thr 


Gly 


Trp 


Lys Lys He Ala Asp 


50 






55 








60 


Lys Trp Tyr Tyr 


Phe 


Asn 


Glu 


Glu Gly 


Ala 


Met 


Lys Thr Gly Trp Val 


65 




70 








75 


80 


Lys Tyr Lys Asp 


Thr 


Trp 


Tyr 


Tyr Leu 


Asp 


Ala 


Lys Glu Gly Ala Met 


85 








90 




95 


Val Ser Asn Ala 


Phe 


He 


Gin 


Ser Ala 


Asp 


Gly 


Thr Gly Trp Tyr Tyr 


100 








105 






110 


Leu Lys Pro Asp 


Gly 


Thr 


Leu 


Ala Asp 


Arg 


Pro 


Glu Leu Ala Ser Met 


115 






120 






125 


Leu Asp Met Asp 


Leu 


Glu 


Gin 


Arg Ser 


Gin 


His 


Cys Lys Pro Glu Glu 


130 






135 








140 


Gly Leu Glu Ala 


Arg 


Gly 


Glu 


Ala Leu 


Gly 


Leu 


Val Gly Ala Gin Ala 


145 


150 








155 


160 


Pro Ala Thr Glu 


Glu 


Gin 


Glu 


Ala Ala 


Ser 


Ser 


Ser Ser Thr Leu Val 




165 








170 




175 


Glu Val Thr Leu 


Gly 


Glu 


Val 


Pro Ala 


Ala 


Glu 


Ser Pro Asp Pro Pro 


180 






185 






190 


Gin Ser Pro Gin 


Gly 


Ala 


Ser 


Ser Leu 


Pro 


Thr 


Thr Met Asn Tyr Pro 


195 






200 






205 


Leu Trp Ser Gin 


Ser 


Tyr 


Glu 


Asp Ser 


Ser 


Asn 


Gin Glu Glu Glu Gly 


210 




215 








220 


Pro Ser Thr Phe 


Pro 


Asp 


Leu 


Glu Ser 


Glu 


Phe 


Gin Ala Ala Leu Ser 


225 




230 








235 


240 


Arg Lys Val Ala 


Glu 


Leu 


Val 


His Phe 


Leu 


Leu 


Leu Lys Tyr Arg Ala 


245 








250 




255 


Arg Glu Pro Val 


Thr 


Lys 


Ala 


Glu Met 


Leu 


Gly 


Ser Val Val Gly Asn 


260 






265 






270 


Trp Gin Tyr Phe 


Phe 


Pro 


Val 


He Phe 


Ser 


Lys 


Ala Ser Ser Ser Leu 


275 








280 






285 


Gin Leu Val Phe 


Gly 


He 


Glu 


Leu Met 


Glu 


Val 


Asp Pro He Gly His 
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290 












lieu 


Tyr 


lie 


rAe 


Ala 


Thr Cys 




30S 










310 




Gly 


Asp 


Asn 


Gin 


lie 


Met Pro 


5 






325 






Ala 


lie 


He 


Ala 


Arg 


Glu Gly 










340 






Glu 


Glu 


Leu 
355 


Ser 


Val 


Leu Glu 


10 


Leu 


Gly 
370 


Asp 


Pro 


Lys 


Lys Leu 
375 




Tyr 


Leu 


Glu 


Tyr 


Arg 


Gin val 




383 










390 




Phe 


Leu 


Trp 


Gly 


Pro 


Arg Ala 


15 










405 






Leu 


His 


His 


Met 
420 


Val 


Lys He 




Pro 


Leu 


His 
435 


Glu 


Trp 


Val Leu 




His 


His 
450 


His 


His 


His 





25 



30 



35 



40 



45 



50 



55 



Leu Gly 

Lys Ala 

Asp Cys 
345 
Val Phe 
360 

Leu Thr 

Pro Gly 

Leu Val 

Ser Gly 
425 
Arg Glu 
440 



Leu Ser 
315 
Gly Leu 
330 

Ala Pro 

Glu Gly 

Gin His 

Ser Asp 
395 
Glu Thr 
410 

Gly Pro 
Gly Glu 



300 

Tyr Asp 

Leu He 

Glu Glu 

Arg Glu 
365 
Phe Val 
380 

Pro Ala 

Ser Tyr 

His lie 

Glu Gly 
445 



Gly Leu Leu 
320 

He Val Leu 

335 
Lys He Trp 
350 

Asp Ser He 

Gin Glu Asn 

Cys Tyr Glu 
400 

Val Lys Val 

415 
Ser Tyr Pro 
430 

Gly His His 



C2) INFORMATION FOR SEQ ID NO: 10: 

(14 SEQOEKCE CHARACTERISTICS: 

(A) LENGTH: 1362 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOKA 

(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 10: 



ATGAAAGGGG 
AATGGCACTT 
CACACAGACG 
AAAATCGCTG 
AAGTACAAGG 
TTTATCCAGT 
GACAGGCCAG 
AAGCCTGAAG 
CCTGCTACTG 
GGGGAG6TGC 
CTCCCCACTA 
GAAGAGGAGG 
AGGAAG6TGG 
ACAAAGGCAG 
TTCA6CAAAG 
CCCATCGGCC 
GGTGACAATC 
AAAGAGGGCG 
TTTGAGG6GA 
GTGCAGGAAA 
TTCCTGTGGG 
GTAAAGATCA 
GAGGGGGAAG 



GAATTGTACA 
GGTACTACTT 
GCAACTGGTA 
ATAAGTGGTA 
ACACTTGGTA 
CAGCGGACGG 
AATTGGCCAG 
AAGGCCTTGA 
AGGAGCA6GA 
CTGCTGCCGA 
CCATGAACTA 
66CCAAGCAC 
CCAAGTTGGT 
AAATGCTGGG 
CTTCCGATTC 
ACGTGTACAT 
AGATCATGCC 
ACTGTGCCCC 
GGGAAGACAG 
ACTACCTGGA 
GTCCAAGGGC 
GTGGAGGACC 
AGGGCGGTCA 



TTCAGACGGC 
TGACAGTTCA 
CTG6TTCGAC 
CTATTTCAAC 
CTACTTAGAC 
AACAGGCTGG 
CATGCTGGAC 
GGCCCGAGGA 
GGCTGCCTCC 
GTCACCAGAT 
CCCTCTCTGG 
CTT CCCT GAC 
TCATTTTCTG 
GAGT6TCGTC 
CTTGCAGCTG 
CTTTGCCACC 
CAAGACAGGC 
TGAGGAGAAA 
TATCTTCGGG 
GTACCGGCAG 
CCTCATTGAA 
TCGCATTTCC 
TCACCATCAC 



TCTTATCCAA 
GGCTATATGC 
AACTCAGGCG 
GAAGAAGGTG 
6CTAAAGAAG 
TACTACCTCA 
ATGGATCTGG 
GAGGCCCTGG 
TCCTCTTCTA 
CCTCCCCAGA 
AGCCAATCCT 
CTGGAGTCTG 
CTCCTCAA6T 
GGAAATTGGC 
GTCTTTGGCA 
TGCCTGGGCC 
TTCCTGATAA 
ATCTGGGAGG 
GATCCCAAGA 
GTCCCOGGCA 
ACCAGCTATG 
TACCCACTCC 
CATCACCATT 



AAGACAAGTT 
TTGCAGACC6 
AAATGGCTAC 
CCATGAAGAC 
GCGCCATGGT 
AACCAGACGG 
AACAGCGTA6 
GCCTGGTGGG 
CTCTAGTTGA 
GTCCTCAGGG 
ATGAGGACTC 
AGTTCCAAGC 
ATCGAGCCAG 
AGTACTTCTT 
TCGAGCTGAT 
TCTCCTACGA 
TCATCCTGGC 
AGCTGAGTGT 
AGCTGCTCAC 
GTGATCCTGC 
TGAAAGTCCT 
TGCATGAGTG 
AA 



TGAGAAAATC 
CTGGAGGAAG 
AGGCTGGAAG 
AGGCTGGGTC 
ATCAAATGCC 
AACACTGGCA 
TCAGCACTGC 
T6C6CAGGCT 
AGTCACCCTG 
AGCCTCCAGC 
CAGCAACCAA 
A6CACTCAGT 
GGAGCCGGTC 
TCCTGTGATC 
GGAAGTGGAC 
TGGCCTGCTG 
CATAATCGCA 
GTTAGAGGTG 
CCAATATTTC 
ATGCTATGAG 
GCACCATATG 
GGCTTTGAGA 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1362 
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CLAIMS 

1. A iwnour-d&sociatedantigea derivative from ^ 
derivative is selected firom ibt group: 

• MAOB asdgen eonxprising derivarised thiol rcsidaes; 

• a recombinantly expressed MAGE ftzsion protein wherein the fission partner is 
selected from protein D or fiagmeot thereof NSl protein from influenza or a 
fragment flieteofi or C-lyta firom Soi^tococcus pneumoniae or fiagmcot thereof 

2. Au antigen as claimed in claim Ivdierein the derivatised 
carboxyamidated or carboxyroethylated. 

3. AnantigenasoiaiinedLnelaiins land2\(4iereinthett^ 
tag. 

4. An antigen as claimed in any of claims V to 3 wiierri 
thereof is Upidated. 

5. An antigen as claimed in any of claims 1 to 4 wherein the MAGEiaDtein is 
selected from the groupi 

MAGE Al, MAGE A2, MAGE A3. MAGE A4, MAGE AS, MAGE A6, MACE 
A7. MAGE A8, MAGE A9, MAGE AlO, MAGB Al U MAGE A12. MAGE Bl. 
MAGE B2. MAGE B3, MAGE B4, MAGE CI and MAGE C2. 

6. A nucleic atadse<piMce encoding a fbsionptotcm as clairned in any of d 
5. 

7. A vector comprising a nucleic add of claim 6. 

8. Ahosttrans£brmedwtllianiicleicacidofclaim6oravcctorofclairo7, 

9. A vaccine containixig a protein as claimed in any of claiins 1 to S. 
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10. A vaccine as claimed in daitn 9 additioxially conqpruia£ an adjuvant, and/or 
immunostimoiatocy cytcldnt or cbemokine, 

11. AvaodneasdaimedincUtm9or 10 whminlliepr^ n 
water emulaion vebide. 

12. A vacdnc as claimed in claim 10 or 11 wfaerem Hie adjuvant oompdses 
QS21 or a CpG oUgaaucleotide. 

13. A vaccine as claimed homn additionally cozx^kriaing one or xnoce other antigenf . 

14. A vaccine as claimed herein for use in medicine. 

15. Use of a protein or nudeie acid as daimedheartin tbr the xnanu&ctuie of a vaccine 
fbr inanumoflieniiieuticaUy treating a patient sufieringfiom melanomas or other 
MAGE^sodated tumours. 

16. A process for the pfurifioation of a MAOE protein or derivative tbereoC 
comprising xtducing the disulphide bonds, blocldngthe lesulting fiee thiol ^mip 
with a blocking group, and subjecting die resulting derivative to one or more 
chromatographic puiificadon steps. 

17. A process for the production of a vaocine» coroprising the steps of puti^/ing a 
MAGE protein or a derivative thereof by the process of claim 19 and fozmulatng 
die resulting piotem as a vaccine. 
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Itoirel ; LPD-MAGE-3-His 



19 127 2 314 



ProtdnD 



Met-Asp- MAGE^ -Gly-Gly- Hls(7x) 



Fattr«dd 



1/19 
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FIGURE 2 : Construction of the expression vectorpRTT 14S86 
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FIGURE 3 : Constniction of plasmid pRTT 14477 expressing the 
fusion protein Piot D l/3-MAGE-3-His tail 
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RgBrel2 
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Consw ic tion of piasmid pRIT14426 



Vtctor PTZ18R + cDNA M>ge3 
(from LPDWIG InstitPt - TIl BOON 




Meal MigtSomMbp Xtml 




2|ly 7e«miMii 
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Figure 14: 



numid map ofpRni4426 



EcoRi (1 bp) 



Kan 



Nd«l(632bp) 
ATG (634 bp) 
BamHI (636bp) 
874 bp 

MAGES 




BamHlfl593bp) 
EeoRI (1681 bp) 
Nd0l(1739bp) 
Xbai (1846 bp) 
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CLYTA 


ASP-Met"<Hy 


MAGE-1 


Gly-Gly- 


His(7) 



1 125 2 308 
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Flgure-18 



CLYTA 



Ala-Ser-Met-Leu-Asp 



MAGE-3 



6iy<Giy- 



HiS (7) 
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Figine 19 



FIG0RE19 : 



ofplmidRRlT 14646 



L Ptewniton of IIib CLYTA « 
Mm * 3 His oo^nii <c<wicucc | I 
ipo di ri fc 



the „to*W PL DHMIIDCBr kM 

MidtfaeCLYTA«MM0^3 
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